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Abstract

Previously collected water quality data indicates that the Pilchuck River has high water
temperatures and low dissolved oxygen (DO) levels that do not protect fish and native insects
that depend on cool, clean, aerated water. This report documents these problems and outlines the
solutions needed to improve stream temperatures and DO levels.

From 2012 to 2016, Ecology collected data on the Pilchuck River in order to develop a water
quality model. The model was then used to evaluate future management options and develop
allocations for shade and phosphorus. The study area for this Total Maximum Daily Load
(TMDL) includes the mainstem of the Pilchuck River from Menzel Lake Rd upstream of Granite
Falls, Washington to near its mouth with the Snohomish River, as well as the watershed area
contributing to this reach.

The primary cause of temperature problems in the Pilchuck River is lack of shade from
streamside trees. This report establishes the necessary amount of shade (load allocations) for the
Pilchuck River study area. The shade produced by full potential riparian vegetation (mature 50-
100 year old trees) is needed to meet water quality standards in the Pilchuck River. It also
specifies the allowable amount of heat load contributed from permitted entities in the watershed
(wasteload allocations).

The primary cause of DO problems in the Pilchuck River is excess phosphorus contributing to
increased growth of algae on the stream bottom. These algae consume oxygen at night, leading
to lower DO levels.

pH was not predicted to exceed Washington State Water Quality Standards under critical
conditions within the study area. Loss of riparian shade and increased nutrient loading impacts
on DO are more severe than on pH, therefore the allocations for shade and nutrients should result
in compliance with pH standards during the summer critical season.

This report includes the allowable amount of phosphorus loading to the river for several
permitted entities (wasteload allocations) and from groundwater, direct overland flow, or
tributary streams (load allocations) in the watershed. It also outlines activities that will reduce
phosphorus delivery from various discharges and land uses within the watershed.
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Executive Summary

{EAP and WQP TMDL project leads write this section.
Needs to be < 4 pages — and able to “stand alone.”

The audience for this section includes: permit writers, stakeholders, and the general public,
among others.

Keep this format. Do not change this section to a two-column format.
This is a highly condensed version of the report.}

XX

Introduction

{Start with a paragraph briefly summarizing the watershed, issue, and TMDL process. E.g.: “In
2004, Ecology determined that ABC Creek has <pollutant> levels greater than Washington State
allows in its fresh waters. A total maximum daily load, or TMDL study, was done on this water
body. This water quality improvement report contains the study, along with recommendations
for cleaning up the water body, and an implementation plan that lays out roles and
responsibilities for the cleanup process.”}

XX

Why did we develop a total maximum daily load (TMDL)?

The federal Clean Water Act (CWA) requires that a TMDL be developed for each of the water
bodies on the 303(d) list. The 303(d) list is a list of water bodies, which the CWA requires states
to prepare, that do not meet state water quality standards. The TMDL study identifies pollution
problems in the watershed, and then specifies how much pollution needs to be reduced or
eliminated to achieve clean water. Then Ecology, with the assistance of local governments,
agencies, and the community develops a plan that describes actions to control the pollution and a
monitoring plan to assess the effectiveness of the water quality improvement activities. The
water quality improvement report (WQIR) consists of the TMDL study findings and
implementation plan.

Watershed description

This study area is in Water Resource Inventory Area (WRIA) 07, the Snohomish River basin.

o {Goals and objectives: clean water, uses
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e Watershed description, including a map of the area subject to the TMDL allocations

summary. }

XX

What needs to be done in this watershed?

{Briefly summarize recommendations to bring the water body back to compliance with water
quality standards. Include a brief summary of load and wasteload allocations, as appropriate.
Load allocations may be displayed in a table that describes parts of the watershed where they

apply and should also be displayed on a map.

Table 1 can be modified as necessary to include all of the dischargers in the TMDL study,
unused columns can be deleted, or the entire table can be excluded if there are no point sources

in the TMDL.}

XX

Table 1: Wasteload allocations for NPDES permitted dischargers (example—may not have wasteload
allocations for separate components of stormwater.)

‘Water-body Parameter | Time Period Permittee Permit T ‘Wasteload
Name of Concern Restrictions | Name and ID i e Allocation
River Valley (;ons at:(n
No Name Creek Turbidity June-August Housing
Development.
Dig It Up
Jan-Dec Mine Sand & Gravel
= s Pleasantville WWTP
American River FC July-August STP e
Town of Municipal
&= SR Pleasantville Stormwater
Com .
BOD Jan-Dec Processing I'?d“s‘m:
Plant i
Future
development | i
Phosphorus inside the s 1
Pleasantville
UGB

{Table should refer to map to be specific about where wasteload allocations apply—not just to

segments.

e Conclusions and recommendations

e Include summary for seasonal variation and future sources (growth)

e Implementation Summary (WQP staff writes this part)}

XX
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Why this matters

{Briefly describe the importance of this project. Consult your PIO for messaging ideas.
Alternatively, you can incorporate the “why this matters™ messaging in other appropriate
sections of the Executive Summary, as well as the main body of the report.

WQP Intranet has some examples that you can copy and paste into this document as part of the
message. }

Reducing high water temperatures and improving dissolved oxygen (DO) levels in the Pilchuck
River watershed is necessary to recover threatened cold water fish species that spawn, rear, or
live there. These fish species are highly valued by the many state residents that depend upon
them for cultural, recreational, or economic reasons. Over the past century. the lands of this
watershed have seen many changes as they were developed to provide lumber, agricultural land,
homesteads, water supplies, and locations to dispose of treated domestic wastewater and
stormwater. This watersheds has several urban centers that are expected to grow in size and
impact the watershed. Agricultural activities are expected to thrive and recreational use can be
expected to grow. Many of these activities could affect stream temperatures and DO levels in
the future.

This report studies this changed environment. reports on the state of water temperatures and DO
levels now, what we can expect in the future, and what we need to do to improve degraded areas
of these watersheds|
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What is a Total Maximum Daily Load (TMDL)

A TMDL is a numerical value representing the highest pollutant load a surface water body can
receive and still meet water quality standards. Any amount of pollution over the TMDL level
needs to be reduced or eliminated to achieve clean water.

Federal Clean Water Act requirements

The Clean Water Act (CWA) established a process to identify and clean up polluted waters. The
CWA requires each state to have its own water quality standards designed to protect, restore, and

preserve water quality. Water quality standards consist of (1) designated uses for protection,

such as kold water biota land drinking water supply. and (2) criteria, usually numeric criteria, to

achieve those uses.

The Water Quality Assessment and the 303(d) List

Every two years, states are required to prepare a list of water bodies that do not meet water

quality standards. This list is called the CWA 303(d) list. In Washington State, this list is part of

the Water Quality Assessment (WQA) process.

To develop the WQA, the Washington State Department of Ecology (Ecology) compiles its own
water quality data along with data from local, state, and federal governments, tribes, industries,

and citizen monitoring groups. All data in this WQA are reviewed to ensure that they were
collected using appropriate scientific methods before they are used to develop the assessment.
The WQA divides water bodies into five categories. II'hose not meeting standards are given a
Category 5 desig;nation]. which collectively becomes the 303(d) list.

Commented [NE(4]: P'm used to seeing “aquatic life” in the
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Category 1 — Meets standards for parameter(s) for which it has been tested.
Category 2 — Waters of concern.
Category 3 — Waters with no data or insufficient data available.
Category 4 — Polluted waters that do not require a TMDL because they:
4a. — Have an approved TMDL project being implemented.
4b. — Have a pollution control program in place that should solve the problem.
4c. — Are impaired by a non-pollutant such as low water flow, dams, or culverts.
Category 5 — Polluted waters that require a TMDL — the 303(d) list.

Further information is available at Ecology’s Water Quality Assessment website

k\mw.ecg.wa.gov/proggms/wg/él 03d)/
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The CWA requires that a TMDL be developed for each of the water bodies on the 303(d) list.
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TMDL process overview

Ecology uses the 303(d) list to prioritize and initiate TMDL studies across the state. The TMDL
study identifies pollution problems in the watershed and specifies how much pollution needs to
be reduced or eliminated to achieve clean water. Ecology. with the assistance of local
governments, tribes, agencies, and the community, develops a plan to control and reduce
pollution sources as well as a monitoring plan to assess effectiveness of the water quality
improvement activities. This comprises the water quality improvement report (WQIR) and
implementation plan (IP). The IP section identifies specific tasks, responsible parties, and
timelines for reducing or eliminating pollution sources and achieving clean water.

After the public comment period Ecology addresses the comments as appropriate. Then, — - -
/ Commented [NE(9]: I found this section confusing to read, it

Ecology submits the WQIR/IP to the U.S. Environmental Protection Agency (EPA) for approval. /| Semns 4 gk o rmplesrienation: actvitie bt raavhe fiat's
/" | necessary Consider more of a bullet list format if that seems
/ appropriate to you:

Mho should participate in this TMDL process?
|

Because thermal and nutrient pollution comes from diffuse sources, all upstream watershed areas
have the potential to affect downstream water quality. Therefore. all areas contributing
excessive levels of solar radiation, or other factors contributing to high water temperature, must
use the appropriate best management practices to reduce impacts to water quality. The area
subject to the TMDL is shown in [Figure 1]

Who should participate?
—-Streamside landowners
—-Gov’t and private organizations

 Giving a brief description of each entity somehow
Commented [nim10R9]: Noted; this is boilerplate from WQP,
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Streamside landowners are the most important participants in reducing water temperatures in the
Pilchuck River watershed and meeting the nonpoint pollutant load targets. Governmental and
private organizations that provide technical assistance and other support to these landowners are
critical partners that need to work with these landowners to improve riparian shading of local
waters. Regulatory agencies responsible for managing forestry practices and public lands are
also essential participants. Specific agencies, organizations, and their role in reducing water
temperatures are discussed in more detail in the implementation plan at the end of this document.
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The Granite Falls wastewater treatment plant (WWTP) and municipal separate storm sewer
system (MS4) discharges from Snohomish County, the cities of Snohomish, Granite Falls,
Marysville, and WSDOT received limitations on their nutrient and thermal discharges. Ecology
will ensure compliance with these limitations through the provisions of their National Pollutant
Discharge Elimination System (NPDES) permits. These permits will be discussed in more detail
below and in the [zmplementatzon plan fat the end of this document.

|| RSS  and we need an appropriate figure to cite and should use
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Figure 1. Pilchuck River watershed and TMDL study area.
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Elements the Clean Water Act requires in a TMDL

Loading capacity, allocations, seasonal variation, margin of safety,
and reserve capacity

A water body’s loading capacity is the amount of a given pollutant that a water body can receive
and still meet water quality standards. The loading capacity provides a reference for calculating
the amount of pollution reduction needed to bring a water body into compliance with the
standards.

The portion of the receiving water’s loading capacity assigned to a particular source is a
wasteload or load allocation. If the pollutant comes from a discrete (point) source subject to an
NPDES permit, such as a municipal or industrial facility’s discharge pipe, that facility’s share of
the loading capacity is called a wasteload allocation (WLA). If the pollutant comes from diffuse
(nonpoint) sources not subject to an NPDES permit, such as general urban, residential, or farm
runoff, the cumulative share is called a load allocation (LA).

The TMDL must also consider seasonal variations and include a margin of safety (MOS) that
takes into account any lack of knowledge about the causes of the water quality problem or its
loading capacity. A reserve capacity (RC) for future pollutant sources is sometimes included as
well.

Therefore, a TMDL is the sum of the wasteload and load allocations, any margin of safety, and
any reserve capacity. The TMDL must be equal to or less than the loading capacity.

WLA + LA; + LA+ MOS + RC = MAXIMUM DAILY LOAD

o Wasteload Allocation
(WLA)

OLoad Allocation (LA)

@ Margin of Safety (MOS)

m Reserve for Growth

Figure 2. Pie chart showing components of a TMDL
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Why Ecology Conducted a TMDL Study
in this Watershed

{This section is written by WQP lead.}

Background

Improving water quality in the Pilchuck River watershed is necessary to support the recovery of
threatened cold water fish species that spawn, rear, or live there. Chinook, Coho, Sockeye,
Chum, and Pink Salmon as well as bull trout and steelhead trout call the Pilchuck River home.
These fish species are highly valued by the many state residents that depend upon them for
cultural, recreational, or economic reasons. The Pilchuck River contains mainstem primary and
secondary restoration areas targeted for restoration of endangered Chinook salmon (Snohomish
Basin Salmon Recovery Forum, 2005).

The Pilchuck River watershed drains into the upper end of the tidal portion of the Snohomish
River. Studies collected data on high water temperatures and low DO levels in the Pilchuck
River watershed in the early 1990s (Tooley et al., 1990; Thornburgh et al., 1991) and the data set
expanded over the next decade (Thornburgh and Williams, 2000).

The high water temperatures and low dissolved oxygen (DO) levels found in these studies do not
protect fish and other native species that depend on cool, clean water (Figure 1). As a result,
these water segments were included on the 303(d) list. In recent years much more data have
become available indicating more widespread impairment. In response to these listings and the
more recent data, Ecology is preparing a Water Quality Improvement and Implementation Plan.

The Pilchuck River and its tributaries are also impaired by high bacteria levels. This report does
not address bacteria pollution, because Ecology previously addressed bacteria pollution problems
in the Snohomish River Tributaries Fecal Coliform (FC) Bacteria TMDL (Wright et al., 2001)
and its implementation plan (Svrjeek, 2003).

During the 2004 and 2009 WRIA 7 water quality scoping processes, Ecology consulted with
watershed stakeholders and determined that implementing the existing bacteria TMDL should
continue in the Pilchuck River watershed to reduce both bacteria and nutrient loading problems
that can lead to low DO levels. Those implementation efforts would focus on riparian plantings
as well to more directly support salmon recovery efforts. However, in late 2011, EPA made new
TMDL funding available and Ecology chose to start the Pilchuck River and Skykomish River
TMDLs ahead of schedule to local compliment salmon recovery efforts.

l

—— Commented [PP(24]: citations?

Local organizations applied for and received Ecology funds for several water cleanup projects.
The Snohomish Conservation District worked with the city of Snohomish on education/outreach
and a low-impact development project. The Adopt-A-Stream Foundation carried out door-to-
door outreach and riparian plantings in the Little Pilchuck Creek basin. Ecology helped facilitate
a streamside restoration project in Dubuque Creek. More recently. Ecology has also funded

Pilchuck R. Temp & DO TMDL WQIR/IP
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additional Adopt-A-Stream Foundation projects in the Little Pilchuck to restore riparian areas,
most notably their several partnerships with the city of Lake Stevens.

[ -
¥
— pr

——

Figure 3. Deceased fish found in isolated low oxygen habitat in the Pilchuck River.

This TMDL.:

Characterizes water temperatures, DO, pH, and the processes that affect those parameters
Sets the limitations needed on controllable point sources of pollution.
Details the riparian and riverine improvements needed to make the Pilchuck River a
healthy place for fish and supporting biota.
Provides a detailed plan to help guide Ecology and other stakeholders in our work to:
o Restore and protect aquatic life uses set forth in Washington Administrative Code
(WAC) 173-201A.
o Implement the Puget Sound Action Agenda, the WRIA 7 Chinook Salmon
Recovery Plan, and the anticipated Threatened Steelhead Trout Recovery Plan
currently under development.
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Impairments addressed by this TMDL

The beneficial uses of the Pilchuck River and its tributaries include:

® Aquatic Life Use for salmonid (from mouth to Boulder Creek) and char (upstream of Boulder
Creek) habitat, spawning, rearing, and migration.

® Extraordinary Primary Contact [Recreation”

® Water Supply Uses for domestic consumption, industrial production, and agriculture or

hobby farm livestock [ |

® Miscellaneous Uses for wildlife habitat, harvesting, commerce/navigation, boating, and
aesthetics (WAC 173-201A-600).

Washington State established Water Quality Standards (Chapter 173-201A WAC) to protect
these beneficial uses. Table 2 lists the water bodies within the study area that exceed DO and
temperature criteria established in those standards. These impairments are addressed in this

TMDL.

Table 2. 303(d) and category 2 listings addressed by this TMDL study|

Commented [PP(26]: ? not the use supported by temperature
and DO criteria

Commented [nNim27R26]: Noted WQP will decide ]
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error in the WQ Standard Py S P R

Need to review this with Patrick on how to address this Might need
to f the problem in the WQ Standards and address in the next
WQ Standards revision

Commented [nim29R28]: Could we just do as Paul suggests
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Waterbody | ListingID | Parameter Name A’;';'Bs':;ﬁ; 3::1’0 - ;:;:q
10621 Dissolved Oxygen 17110011000048 5
7295 Temperature 17110011000061 5
Pﬂ;ﬁ:fk 10620 Temperature 17110011000048 5
14725 Temperature 17110011000064 5
72567 Temperature 17110011000065 5
73874 Temperature 17110011000060 2
Category 2 — Waters of concern.

Category 5 — Polluted waters that require a TMDL.

As a result of the data collected in 2012 and 2016 by Ecology for this TMDL study. additional

water-body segments were found that do not meet state water quality standards (see Table 3).

These segments are also addressed by this TMDL.

Pilchuck R. Temp & DO TMDL WQIR/IP
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Table 3. Additional impaired waterbody segments addressed by this TMDL (not currently on

Commented [PP(36]: cite? Or are these results from this study?

303(d) list).
Parameter | pgescment UnitID pasis
17110011000049 2016: 3 of 3 daily min excursions at PIL3.6
el S e e e
Dissolved 17110011000053 2012: 6 of 6 daily min excursions at PIL8.5
Oxygen 1711001100006 2012: 3 of 3 daily min excursions at PIL10.4
17110011000062 2016: 3 of 3 daily min excursions at PIL11.6
17110011000063 2016: 3 of 3 daily min excursions at PIL15.1 and PIL18.7
17110011000064 2016: 3 of 3 daily min excursions at PIL21.5
17110011000052 2012: 7-DADMax excursions at PIL5.7
Temperature 17110011000053 2016: 3 of 3 daily max excursions at PIL8.2
17110011000062 2016: 3 of 3 daily max excursions at PIL11.6
17110011000063 2012: 7-DADMax excursions at PIL15.1
Note: Station locations (PIL-XX) refer to river mile from the mouth of the Pilchuck.

| Some 303(d) listed segments in the watershed were not specifically modeled as part of this
report but are addressed by this TMDL (Table 4) | The details are discussed in the TMDL

analysis section of this report.

Commented [nIm37R36]: Clarified in preceding paragraph ]

Table 4 then I think we need to reword this sentence I am taking a
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Table 4. 303(d) or Category 2 segments not addressed by this report g&u‘:ﬁggyﬁ:ﬁ&sm we're required/expected to ]
Waterbody Listing ID Parameter AT:BSE;::: 3:::1/[) Cai:g;:ry
Pilchuck River 7291 pH 17110011000048 5 /—[ Commented [SR(40]: If the pH listings are outside our study ]
Little Pilchuck Creek 9274 Dissolved Oxygen 17110011000188 5 pEmk [l e we o i\ S e
9275 | Temperature 1711001100018 5 St betios S el el }
40817 pH 17110011000188 5 _Wet season pH below
40911 Dissolved Oxygen 17110011000072 5 ﬁ'ﬁfsmff.ﬁ‘} tloﬂdgmmsﬂhhﬂmbmm groups
40912 Temperature 17110011000072 2
7400 Dissolved Oxygen 17110011000054 5
Dubuque Creek
7401 Temperature 17110011000054 5
40816 pH 17110011000054 2
7394 Dissolved Oxygen 17110011000073 5
Catherine Creek 7395 Temperature 17110011000073 5
40930 pH 17110011000073 5
Unnamed Creek 47441 Dissolved Oxygen 17110011000180 5
(Tr b To Pilchuck River) 71217 pH 17110011000217 5
73910 Temperature 17110011000217 2

For pH., all the excursions are low pH measured during the wet season. Low pH can be the result

of natural wetland flushing or acidic rainfall events in naturally poorly buffered systems
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(Mathieu, 2011). These excursions may not be related to anthropogenic impact and are likely not
tied to the same sources of impairment causing low-flow DO and temperature problems.
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Water Quality Standards and Numeric Targets

The ]Washing’(on State W[ater Quality Standards], set forth in Chapter 173-201A of the Commented [PP(43]: To me, it seems out of order to list

Washington Administrative Code, include designated beneficial uses, waterbody classifications, m it fhen Rat fhoystenclarl et v

and numeric and narrative water quality criteria for surface waters of the state. This section Better, I think, to explain the standards, and then list the waterbodies

provides Washington State water quality information and those standards applicable to the it Ak s et e ademdonch

Pilchuck River watershed. Additional detailed information on the applicable water quality Commented [nkn44R 431: WOF's call, their templae )

standards is available in Appendix G. Commented [SR(45]: I think we are supposed to capitalize 1
Water Quality Standards ~ Alone standards is OK, but when
referring to the actual regulation we probably should be more

Segments of the Pilchuck River and its tributaries are identified on the Washington State 2014 formal Let’s do a search and replace later after we verify this

303(d) list as being impaired by excess temperature. Temperature affects the physiology and Commented [nIm46R45]: Fine by me This is WQP

behavior of fish and other aquatic life. It also affects the physical and biological properties of the :;’;"Pht” A Sosld sehatly pcele o temmplate 1 1 e

water body which can increase the harmful effects of other pollutants and stream characteristics.
For example, the warmer a stream is, the less oxygen it can hold for the organisms the stream
supports. Therefore, temperature is an influential factor which can limit the distribution and
health of aquatic life.

Temperatures in streams fluctuate over the day and year in response to changes in solar energy
inputs, meteorological conditions, river flows, groundwater input, and other factors. Human
activities can influence each of these factors to impair the health of the water by increasing the
temperature, or by improving these conditions to promote cooler temperatures.

Washington’s numeric water quality criteria are based on the temperature needs of the most
sensitive species supported by the water body. These cool temperature requirements are
expressed as the highest allowable 7-day average of the daily maximum temperatures (7-
DADMax) in a water body — or in some specified water bodies, the allowable daily maximum
temperature.

The change from a daily maximum to a 7-DADMax metric for the majority of the state’s streams
was determined by scientists involved in the development of EPA’s Region 10 Guidance for
Pacific Northwest State and Tribal Temperature Water Quality Standards (2003') to include an
adequate magnitude and duration (averaging period) to protect salmonids. The 7-DADMax
temperatures represent conditions in the thalweg or main stream channel; therefore it is assumed
that aquatic species have access to cold water refugia where they can reside in water that is
cooler than the 7-DADMax temperatures. The 7-DADMax temperature criterion also assumes
that colder temperatures are available to protect fish at night.

In the state water quality standards, aquatic life use categories are described using key species
(salmon versus warm-water species) and life-stage conditions (spawning versus rearing) [WAC
173-201A-200: 2003 edition].

In this TMDL, the designated aquatic life uses to be protected are core summer salmonid habitat,
spawning, rearing, and migration. Above Boulder Creek in the Pilchuck River, the designated

! Available at: http://yosemite epa.gov/r10/water.nsf/Water+Quality+Standards/WQS+Temperature+Guidance/
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aquatic life uses to be protected are char spawning and rearing. The applicable water quality
criteria for these parameters are summarized in Table 5.

To protect the designated aquatic life uses of “Core Summer Salmonid Habitat,” the
highest 7-DADMax temperature must not exceed 16°C (60.8°F) more than once every
ten years on average.

Special consideration is also required to protect the spawning and incubation season of salmonid
species. Where it has been determined that the lower temperatures are necessary to protect
spawning and incubation, the following criteria apply:

Maximum 7-DADMax temperatures of 13 °C (55.4 °F) at the initiation of spawning for
salmon and at fry emergence for salmon and trout.

Currently, Chapter 173-201A WAC specifies portions of 7 watersheds in the Columbia River
Basin that require these more protective criteria during specified days of the year, (Ecology
Publication 06-10-038).

While the criteria apply throughout a water body, there may be site-specific features, including
shallow, stagnant, eddy pools where natural features unrelated to human influences are the cause
of not meeting the criteria. For this reason, the standards direct that measurements are taken
from well-mixed portions of rivers and streams. For similar reasons, samples are not to be taken
from anomalously cold areas such as at discrete points where cold groundwater flow into the
water body.

Table 5. Washington State water quality criteria for impaired parameters in the Pilchuck River

watershed.
Water Quality R TIEE
Pararietar Use Classification Criteria
Pilchuck River and all tributaries below Boulder Creek
Temperature Core summer salmonid <16°C 7-DADMax(13°C Feb 15-June 15)'
Dissolved Oxygen habitat, spawning, rearing, >9.5 mg/L 1-DMin?
pH and migration 6.5 to 8.5 units®
Pilchuck River and all tributaries above Boulder Creek] Commented [SR(47]: At first, I wanted to say this is not within
Temperature <12°C 7-DADMax' S ebnemps e fowchct
including the upper watershed related to Nuri’s
Dissolved Oxygen Char spawning and rearing >9.5 mg/L 1-DMin? Commented [nlm48R47]: Added to our discussion list They
H 6.5 to 8.5 units® listed in the QAPP, but the model is below this In our scenarios we
P i i _ _ IO DS reduce the boundary condition to 16, but we could explore making
1. 7-DADMax means the highest annual running 7-day average of daily maximum temperatures. this closer to 12
2. 1-DMin means the lowest annual daily minimum oxygen concentration occurring in the waterbody.
3. A human-caused variation within the above range of less 0.2 units for pH 1s acceptable.
Washington State uses the criteria described above to ensure full protection for its designated
aquatic life uses. TI'he standards recognize, however, that waters display thermal Iand oxygen Commented [nlm49]: I ried to incorporate additional language ]
heterogeneity — some are naturally cooler and hold more oxygen, and some are naturally warmer faicorver aygek i EPATS Sripetune Mnpwr
and hold less oxygen. | When a water body is naturally warmer than the above-described numeric __—{ Commented [LM50]: “naturally cooler” is new )
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criteria, the state limits the allowance for additional warming due to human activities. In this
case, the combined effects of all human activities must not cause more than a 0.3 °C (0.54 °F)
increase above the naturally warmer temperature condition.

When a water body's DO is lower than the criteria in Table 5 (or within 0.2 mg/L of the criteria)
and that condition is due to natural conditions, then human actions considered cumulatively may
not cause the DO of that water body to decrease more than 0.2 mg/L.

This TMDL estimates whether the water body is naturally warmer (or holds less oxygen) or
naturally cooler (or holds more oxygen) than the criteria, using a computer model that simulates
the physical and atmospheric processes affecting stream temperatures. When a water body does
not meet its assigned criteria due to natural climatic or landscape attributes, the standards state
that the natural conditions constitute the water quality criteria (WAC 173-201A-260 (1)(a). This
provision of the water quality standards is implemented by using the modeled natural condition
as the TMDL target.

Only after the allocations in this TMDL are fully implemented or designated uses of the
waterbody are being met will Ecology consider a formal rule change to adopt site-specific
criteria, as provided by WAC 173-201A-430; at which point, the natural condition, determined
by empirical and modeled data, will be used to set new water quality criteria through a public
rule-making process.|

Temperature modeling is generally a two-step process. First, the current river temperatures are
measured through field monitoring. The watershed’s current physical characteristics (e.g.,
amount of shade provided by the canopy, river geometry, sources of flows, significant cold water
flows, point source inputs, etc.) are also recorded. Using this information. a river model is
created that simulates current temperature conditions. The model is calibrated by comparing the
simulated temperatures with in-stream measurements.

Second, the calibrated model is used to evaluate different scenarios — lincluding a “system
thermal potential” or “system potential” scenario that represents the natural condition of the river
system|Physical characteristics of the river are changed in the model to simulate the natural

Commented [LM51]: The standards state that the natural
condition provision “constitutes the criteria” under certain
conditions What does that mean? Does it mean that the numeric

dard is being replaced by the esti d natural condition? One
of our stakeholders encouraged Ecology to answer this question very
specifically, and here’s the answer

condition. Examples of these changes include removing point source discharges, changing the
channel geometry to simulate a natural channel, and increasing the riparian shade to represent a
natural forest. The model provides a plausible conservative estimate of natural conditions in
rivers and streams, especially in the absence of adequate data from non-disturbed reference
conditions.

[The water quality model provides only an estimate of the natural condition temperatures:
therefore, a degree of uncertainty is inherent in the model results. [Ecology addresses uncertainty

Commented [LM52]: How does “system potential” relate to the
natural condition provision in the standards?

in model applications using statistical measure for goodness-of-fit and incorporation of an
implicit and explicit margin of safety. Thus, critical conditions that are used for the evaluation of
natural conditions incorporate uncertainty in major environmental variables (e.g. stream flows
and meteorological conditions).
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For this TMDL, Ecology also assessed the uncertainty of the natural condition estimates by
assessing the water quality model’s sensitivity to the following changes, as discussed in the
TMDL Analysis section on “Sensitivity analysis for natural conditions” and illustrated later in
this report in Figure xx and Table xx.

M
o))
3)
@
®

cooler headwater and tributary temperatures with more oxygen.

an increase in baseflow

increased system potential vegetation (SPV) height and riparian buffer width.
enhanced hyporheic exchange.

the combined impact of the above four alterations

To the extent that these (non-discharge) influences on temperature and dissolved oxygen have
existed historically. or can be put in place now, these sensitivity analyses provide estimates of
the variability associated with the natural condition estimates. This variability should be
considered when making future site-specific criteria, impairment, land-use, permitting, or
restoration decisions.
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Watershed Description

The Pilchuck River watershed is located in Snohomish County, Washington in Water Resource
Inventory Area 7 (WRIA 7) (Figure 1). The Pilchuck River watershed is approximately 137
square miles and empties into the Snohomish River, approximately 15 miles above where it
enters Puget Sound.

The lower Pilchuck River watershed is made up of primarily low-density residential
development and small farms. and includes portions of the cities of Granite Falls, Snohomish,
and Lake Stevens.

A large portion of the Upper Pilchuck watershed is forest lands, much of which is managed by ) ) )

the Department of Natural Resources (DNR) (Wright et al, 2001). Within the upper watershed, Commented [MC(55]: Managed how? As state forest land or
the area upstream of Menzel Lake Rd (~RM 25.5) is not included in the water quality model or | Smeting et

TMDL footprint given resource constraints and the lack of development and sources of pollution

upstream of this point.

Geographic setting

Hydrology and hydrography

The Pilchuck River ld.rai.nage area fis divided into the upper Pilchuck River, the lower Pilchuck /[Commented [KH(56]: Should we include a drainage area map J
River, and the Little Pilchuck Creek watersheds. The Little Pilchuck Creek confluence defines \{w o arielsiomttaniint

the division between the upper and lower Pilchuck River basins. Little Pilchuck Creek drainage Commented [nIm57R56]: Working on it )
includes Star Creek and Catherine Creek. Tributaries to the Upper Pilchuck River include Purdy

Creek, Boulder Creek, Wilson Creek. and Worthy Creek. Tributaries to the Lower Pilchuck

River include Dubuque, Bunk Foss, Sexton, and Scott Creeks.

With an average annual discharge of 364 cubic feet per second (cfs), the Pilchuck River is the

largest tributary to the Snohomish River below its confluence with the Skykomish and

Snoqualmie Rivers)| __— Commented [PP(58]: Show these tribs on a map

" commented [nIm59R58]: Figure 1 )

The hydrology of the Pilchuck River is discussed further in the Results and Discussion section of
the report.
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Geology

The Pilchuck River watershed is located along the eastern margins of the Puget Lowland
geologic region, which consists of a linear depression trending in a north-south direction between
the Olympic Mountains to the west and the Cascade Mountains to the east. Along the eastern
side of the Puget Lowland in the Cascade foothills, Tertiary- and Cenozoic-aged volcanic and
sedimentary rocks (less than 70 million years old) underlie the glacially derived surficial deposits
(Bailey, 1998).

The majority of the surficial geologic units consist of “unconsolidated” (non-bedrock) glacial
deposits. In the Pilchuck River watershed, Vashon Glacial Till, Younger Alluvium and
Recessional Outwash are the primary glacially-derived geologic units (comprising over

88 percent of the watershed). Vashon Glacial Till is a relatively strong, stable geologic material
consisting of a mixture of silt, sand, and gravel deposited in front of and below the advancing
Vashon glacier. The Younger Alluvium deposits consist of organic rich, stream-laid, clay, silt,
and fine sands and lie in and around stream channels. It also encompasses the well-rounded river
gravels and cobbles that make up much of the main stem channel bottom. The other significant
geologic unit is Recessional Outwash, which consists of well-drained stratified outwash sand and
gravel deposits (Bailey, 1998).

Figure 2 illustrates an example of geology in the Pilchuck River valley within the study area.

Figure 4. Vertical cross section of geology at exposed bluff near Russell Road bridge crossing.

Dark gray band in middle is the wetted, top portion of the confining Vashon till layer present throughout
the study area.
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Land use and land cover

Land use data for the Pilchuck River watershed was obtained from the Snohomish County’s
Assessor Office as parcel data that has been updated through 2016. These data include 183 land
cover types, which were consolidated into 13 categories for analysis purposes (Figure 3).

The single family residential grouped land use makes up a significant area of the lower Pilchuck
River watershed, the distribution of detailed County land uses for this category is presented.
Vacant area is also a dominant land use category. Comparisons of aerial photos of vacant and
open space parcels shows that they are analogous to forested areas, with the County’s
differentiation between these categories likely related to tax classifications. Therefore, for the
remainder of this document, land defined by the County as “vacant” will be referred to as
forested.

The Pilchuck River watershed contains large areas of forested land: the largest percent

(55 percent) of area in the Pilchuck River watershed is forested (vacant [39.3 percent]. managed
forest [10.2 percent], and forest [5.4 percent]). Single family residential makes up a sizeable
portion of the watershed at 25.4 percent of the area, 91.7 percent of which is single family
detached. Areas were calculated from Snohomish County property parcels (Snohomish County
Assessor, 2012D. | Commented [NE(60]: Add to refe

Fish and wildlife

The Pilchuck River and its tributaries support spawning and juvenile Chinook, Coho, Sockeye,
Chum, and Pink salmon as well as bull trout and steelhead trout. These native species depend on
cool water, pools and riffles, and off-channel wetlands during different parts of their life cycles.

Chinook salmon enter the river as early as mid-August and typically are finished spawning by
early October (Savery and Hook, 2003).

The Pilchuck watershed also provides habitat for many animal species, particularly along the
riparian corridor and wetlands. Both resident and migratory birds rely on the area for food and
raising their young. Many types of mammals, amphibians, and reptiles are abundant in the
watershed. Several animals identified as priority species by the Washington Department of
Wildlife have been observed in the watersheds, including bald eagles, great blue herons, pileated
woodpeckers, red-tailed hawks, cavity-nesting ducks, trumpeter swans, and other waterfowl
(French Creek Watershed Management Committee, h004b. Commented [nIm61]: update?

RSS possibly update a bit here I tended to put more detailed
discussion on fish and wildlife needs in the implementation section

Commented [nIm62R61]: Will put on the final combined ]
report to do list
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Figure 5. Pilchuck River watershed land use||
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Vegetation

Historically, the Pilchuck River watershed likely consisted of large forested and scrub/shrub
wetland areas. Mature and old growth stands of western hemlock and Douglas fir grew on the
drier areas and mixed coniferous-deciduous forests in wetter areas (Franklin and Dyrness, 1973).
The wetland areas were dominated by hardback spirea.

Currently, the vegetation is mainly red alder, vine maple, black cottonwoods, and western red

cedar along the riparian corridor.

Considerable logging has occurred in the watersheds. Some of the cleared land has been
replanted; however, much of the area will be or has been developed. Trees in the undeveloped
forested areas generally revegetate on their own, but have not reached an old growth stage.
These changes in landscape significantly impact the hydrology of the watersheds by increasing
the amount of surface runoff and decreasing infiltration |

Hydromodifications

Historically, natural wetlands covered much of the western part of the watershed. Extensive
wetlands have been documented in fthe Little Pilchuck Creek basin (Ecology. 1997). In addition,
there are several Iin.stream man-made structures hnd culverts in the watershed that are full or

partial barriers to upstream fish movement. On the Pilchuck River, these include the City of
Snohomish Dam located upstream of the city of Granite Falls and Menzel Lake Road. It should
be noted that if flows are high enough, fish can move upstream of the dam (Savery and Hook,

2003).

Potential sources of contamination

Factors impacting temperature

e Shade - Temperature is directly impacted by the amount and quality (height and density) of
riparian zone vegetation, which can block solar radiation from reaching the stream surface.

e Channel geometry - A river that is wide and shallow will receive more solar radiation

compared to a river that is narrow and deep.

e Groundwater - Groundwater tends to maintain a constant temperature that can warm a

stream in winter and cool it in the summer.

e Hyporheic flow - Stream flow that travels through the through the floodplain, gravel bars, or
stream sediments and then returns to the stream is known as hyporheic flow. During warm
weather, hyporheic flow typically decreases daily maximum temperatures and increases daily

minimum temperatures.|

e Heat load — The temperature of inflows to the river.
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Factors impacting DO

Plant Productivity and Respiration

Decreased DO may result from increased nutrient loads that stimulate algae and plant growth,
which is referred to as plant productivity. The diurnal (over a 24 hour period) cycle of algal
growth increases DO during the daylight hours as the plants perform photosynthesis, but reduces
DO levels at night, reaching a minimum around sunrise, as respiration is predominant.

Productivity may be limited by a specific nutrient (usually phosphorus in streams and lakes), by
light to fuel photosynthesis, or by retention time in a water body. Increased nutrient loading

from anthropogenic sources can enhance algal growth and increase the diurnal DO fluctuation.
This can result in lower levels of DO than would have resulted under conditions where humans
were absent. Excess nutrients can produce algae in large quantities. While algae can raise DO
th.gl)u h photosynthesis when these algae die. decomposition consumes DO, thereby lowering the
DO\

— Commented [NE(74]: 1
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Biochemical oxygen demand (BOD)

Biochemical oxygen demand (BOD) is the term used to describe the depletion of DO from the water
by the oxidation of organic substances. BOD can be either (1) carbonaceous, resulting from the
oxidation of carbon-containing compounds such as sugars, or (2) nitrogenous, resulting from the
oxidation of nitrogen-containing compounds such as ammonia. The addition of these organic
substances to a water body can result in reduced DO content in the water downstream of the pollution
source.

Groundwater

Areas of high groundwater input can (in some locations) result in DO levels that are lower than
the criteria listed in our state standards. DO in groundwater is generally naturally low to do lack
of reaeration (no contact with atmosphere) and oxygen consumption by microbes in the soil and
groundwater.

Factors impacting pH levels

Similar to DO, plant productivity also of also affects pH. The pH in streams with high algal
productivity typically increases during the daylight hours to its maximum around mid to late
afternoon and drops to low levels at night when plants are respiring and releasing carbon dioxide
into the water. This diurnal swing can be dramatic enough to increase the daily high and/or
decrease the daily low pH of streams and lakes beyond state criteria. These swings are caused by
algae and other aquatic plants consuming CO2 during photosynthesis reducing the amount of CO2
and bicarbonate in the water. Alkalinity stays essentially constant while pH responds by
increasing. This process is exacerbated as more sunlight reaches the stream and as temperatures
and nutrient concentrations increase.

Anthropogenic activities can also lower pH. For example, decomposing organic material, such
as that found in logging slash.
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Natural decomposition in wetlands also can lower pH. The high residence time and high organic
matter loading in wetlands, for example, produce low pH and DO levels. Some wetland
complexes exist within the study systems and may contribute to the low levels recorded in the
mainstem and the tributaries.

In addition, the pH of rain in western Washington is 4.8 to 5.1 (NADP, 2004). Therefore,

stormwater and even groundwater may have a low pH due to regional atmospheric deposition
rather than local watershed conditions.

Some streams have a naturally low buffering capacity, which makes them more susceptible to
pH changes. These streams can have both low and high pH in the same stretch, though often
during different times of the year.

Permitted point sources

Permitted facilities with discharges to a waterbody can potentially be a source of heat, nutrient,
or sediment loads.

Permitted facility information was provided from the Ecology Permit and Reporting Information
System database. At the time this report was published, there were multiple permitted industrial
and municipal wastewater discharges within the Pilchuck River watershed. Table 6 lists the
permitted facilities found, while Figure 4 shows the spatial distribution of these facilities. Phase
I and Phase II stormwater permits are discussed separately in the following section.

Appendix H (NPDES Facility Analysis) contains more detailed information.
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Table 6. Summary of non-stormwater NPDES permits in the Pilchuck TMDL as of spring 2017.

faip Receiving o 5 e
Permit Type Waterbody Permittee Name Permit #
Municipal NPDES . - - WA0021130

Individual permit IP Pilchuck River Granite Falls WWTP
Trib of Pilchuck Pilchuck Sand & Gravel Inc WAG503379
Groundwater Riverside Sand & Gravel WAG 503086
Facility inactive Granite Falls Quarry L Matheson WAG503085
Groundwater Lake Industries Menzel Lake Gravel | WAG503312
Jaxico Real Estate Investment Group

Saind il Gragel Unknown LLC WAG994258

General permit Ditch to Little Pilchuck Thomco Ageregate LLC WAG503027
Premier Pacific Properties

Poud (Island Construction Site & Utlities) [ V20005527

EF Little Pilchuck Concrete Norwest Getchell Pit WAG503166
Pond next to Pilchuck D&D Excavating
River (Marysville Const & Paving Co) WA

Table 7. Summary of stormwater NPDES permits in the Pilchuck TMDL as of spring 2017.

Stormwater Receivin, : :
Permit Type Wa terbogy Permittee Name Permit #
Construction general permut | Pilchuck Watershed Numerous; fransient
Little Pilchuck Central Steel WARO012091
Tndustrial general permit Little Pilchuck Northwest Apto Recyclers WAR303981
Pilchuck River MW WAR000752
(NEPA Pallet & Container)
Pilchuck Watershed | Snohomish County- Phase 1 | WAR044502
Mionicipal generai pernif Pﬂchmk Watershed Cﬁty of Granite Falls- Phase 2 | WAR045517
Pilchuck Watershed | City of Lake Stevens- Phase 2 | WAR0021130
Pilchuck Watershed | City of Snohomish- Phase 2
Transportation general permit | Pilchuck Watershed WSDOT WARO043000
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Figure 6. Permitted facility locations and WSDOT stormwater (state routes) within the Pilchuck
River watershed|
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Granite Falls WWTP

The City of Granite Falls operates an oxidation ditch wastewater treatment plant that discharges to
the Pilchuck River (Ecology, 2015a). Ecology issued the current permit for this facility on April 15,
2015, and it expires on April 30, 2020.

Secondary treated and disinfected effluent flows into the Pilchuck River through an outfall
diffuser section buried approximately one foot below the bottom of the river bed (Ecology,
2015a). The diffuser is over 16 feet long, which is greater than 25% of the river width at low
flow. Ecology concluded that this discharge meets the requirements for an exception to the rule that
the mixing zone must occupy less than 25% of the river width.

The average temperature of the effluent is 18°C with a maximum of 22.6°C, based on discrete
measurements collected between noon and 3pm (data from April 2010 to September 2014). The
average and maximum ortho-phosphate concentrations of 8 samples were 2,520 and 4,850 ug/L
respectively, which was slightly higher than the average and maximum for Total Phosphorus
(Ecology 2015a). These results suggest that most of the phosphorus in the effluent is typically in
a dissolved form, with very little particulate phosphorus.

General Sand and Gravel Permit

The Sand and Gravel General Permit regulates discharges of process water, stormwater, and
water from mine dewatering into waters of the state associated with sand and gravel operations,
rock quarries, and similar mining operations. The permit also covers concrete batch operations
and hot mix asphalt operations. Untreated discharge water from sand and gravel operations may
harm fish, aquatic life, and water quality.

Ecology reissued the Sand and Gravel General Permit on February 17, 2016. Ecology received
one appeal on the reissued Sand and Gravel General Permit. The reissued permit became
effective on April 1, 2016.

Both stormwater and process water from sand and gravel operations can be a source of
suspended solids, which in turn can have attached phosphorus. Suspended solids may be
generated from (Ecology, 2015b):

Washing, screening, or crushing rock

Stripping and digging operations

Seepage from working face

Stormwater run-on and runoff from disturbed areas

Runoff from overburden, waste piles, and stockpiles

Dust suppression

Processing wastes

The most common types of permit violations for sand and gravel permittees are pH, turbidity,
and nitrate-nitrite (Ecology, 2015b).
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General Construction Stormwater Permit

Construction site operators are required to be covered by a Construction Stormwater General
Permit if they are engaged in clearing, grading, and excavating activities that disturb one or more
acres and discharge stormwater to surface waters of the state. Smaller sites may also require
coverage if they are part of a larger common plan of development that will ultimately disturb one
acre or more. Operators of regulated construction sites are required to:

o Develop stormwater pollution prevention plans.
e Implement sediment, erosion, and pollution prevention control measures.
e Obtain coverage under this permit.

The current permit was appealed and a settlement agreement was reached for a minor permit
modification. The Final CSWGP Modification with a Response to Comments was issued on
March 22, 2017. Proposed changes went into effect May 5, 2017.

General Industrial Stormwater Permit

This statewide permit applies to facilities conducting industrial activities that discharge
stormwater to a surface waterbody or to a storm sewer system that drains to a surface waterbody.

Ecology reissued the Industrial Stormwater General Permit on December 3, 2014
The Industrial Stormwater General Permit (ISGP) became effective on January 2, 2015.

Municipal Stormwater Permits

During rain events, rainwater washes the surface of the pavement, rooftops, and other impervious
surfaces. This stormwater runoff accumulates and transports pollutants and contaminants via
stormwater drains to receiving waters and can degrade water quality. Ecology issues NPDES
permits to larger entities that operate municipal separate storm sewer systems (MS4s) making
them responsible for collecting, treating, and discharging stormwater to local streams and rivers.

Two types of municipal stormwater permits exist in this watershed: Phase | and Phase II. Phase
I permittees are cities and counties that operate large and medium MS4s.

The Phase Il Municipal Stormwater Permit rule extends the coverage of the National Pollutant
Discharge Elimination System (NPDES) program to certain "small" municipal separate
stormwater sewer systems (MS4s). The Department of Ecology used maps of the census
urbanized areas and jurisdictional boundaries to identify Phase I jurisdictions. Ecology issued
two Phase Il permits: one for Eastern Washington and one for Western Washington.

Snohomish County and the Washington State Department of Transportation (WSDOT) hold
Phase | MS4 permits in the watershed. In addition, four communities (the cities of Granite Falls,
Lake Stevens, Marysville, and Snohomish) hold Phase 11 MS4 permits.
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Phase | permits regulate stormwater discharges to waters of Washington State from the
permittees’ MS4s in compliance with Washington Water Pollution Control Law (Chapter 90.48
RCW) and the federal Clean Water Act (Title 33 USC, Section 1251 et seq.).

The EPA phase Il regulations went into effect in early 2003 and apply to all regulated small
municipal separate storm sewer systems. Ecology first issued the Western Washington Phase |1
permit in 2007 and modified it in 2009. Ecology reissued it unmodified on August 1, 2012 to be
effective through July 31, 2013. At the same time, Ecology also reissued an updated 2013 to
2018 permit on August 1, 2012. The current version of the permit, as modified in December
2014, went into effect as of January 16, 2015.

Ecology’s five-volume Stormwater Management Manual is available on the internet at
WWW.ecy.wa.gov/programs/wa/stormwater/manual.html. The current version is the 2012
manual as amended in 2014,

Under the Phase Il permit, cities must follow prescribed guidelines to manage stormwater before
it discharges to surface water. Permit requirements fall under five basic categories: public
education and outreach, public involvement and participation, illicit discharge detection and
elimination, the control of runoff from development, and pollution prevention. General
information on the Phase 11 permit is available at
WWW.ecy.wa.gov/programs/wa/stormwater/municipal/phasellww/wwphiipermit html.

Snohomish County (Phase | Permittee)

On August 1, 2012, Ecology issued an updated 2013-2018 Phase | MS4 Permit that became
effective on August 1, 2013. The permit was first modified on December 17, 2014 and the first
modification went into effect on January 16, 2015. The permit was modified a second time on
July 20, 2016 and the second modification went into effect on August 19, 2016.

Snohomish County has a Stormwater Management Plan (2017) that outlines the county’s
responsibilities to protect water through stormwater management. The Plan can be found at
https://snohomishcountywa.gov/ArchiveCenter/ViewFile/Item/4667

More information on Phase | permits and Snohomish County can be found at
WWW.ecy.wa.gov/programs/wa/stormwater/municipal/phaselpermit/phipermit html or
WWW.ecy.wa.gov/programs/wa/stormwater/municipal/PhaselequivalentstormwatermanualsWest
ern.html

Washington State Department of Transportation (WSDOT) (Phase | Permittee)

Ecology issued a new modified NPDES permit to the WSDOT on March 6, 2014. This permit
addresses stormwater discharges from WSDOT MS4s in areas covered by the Phase | Municipal
Stormwater Permit, the Eastern Washington Phase Il Municipal Stormwater Permit, and the
Western Washington Phase 11 Municipal Stormwater permit. WSDOT highways, maintenance
facilities, rest areas, park and ride lots, and ferry terminals are covered by this permit when a
WSDOT-owned MS4 conveys the discharges. State highways in the Pilchuck River watersheds
include state route (SR) 2, SR 9, SR 522, SR 204, and SR 92.
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More information on the WSDOT permit can be found at
WWW.eCy.wa.gov/programs/wq/stormwater/municipal/wsdot.html

WSDOT has a 2014 Highway Runoff Manual that provides tools for designing stormwater
collection, conveyance, and treatment systems for transportation-related facilities. This manual
has been approved by Ecology as functionally equivalent to the Stormwater Management
Manual for Western Washmgton and is avallable at

Cities of Granite Falls, Marysville, Lake Stevens, and Snohomish (Phase II Permittees)
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e Soil erosion from agricultural fields and residential areas can carry nutrients to streams,
especially if fertilizers are applied in excess of what the plants can utilize.

e Manure that is spread over fields during certain times of the year can enter streams via
surface runoff or fluctuating water levels.

e Livestock in riparian area can increase nutrient delivery where manure is deposited in the
riparian area. Fluctuating water levels and surface runoff can wash nutrients into the water,
which can be further exacerbated by constant trampling which loosens soil, delivering both
the soil and absorbed nutrients to the water.

e Pet waste concentrated in public parks or private residences can be a source of
contamination, particularly in urban areas.

Non-runoff sources

e Inadequate riparian shade due to removal of riparian zone vegetation that blocks solar
radiation reaching the stream surface. A loss of shade also increases algal productivity.

® Residential, commercial, or industrial wastewater (non-permitted) piped directly to
waterways or may have malfunctioning on-site septic systems where effluent seeps to nearby
waterways.

e Livestock with direct access to water can deposit nutrients in their waste directly to the
stream.
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e Tile drains. installed primarily in agricultural areas to drain shallow groundwater, may
contribute nutrients.
e Unnatural bank erosion due to land use activities, channelization, stream straightening, and

riparian vegetation removal, deposits soils into the streams. These soils typically carry
nutrients.Other/natural sources of nutrients and BOD

Wildlife are a potential source of BOD and nutrients, but are considered a ‘Jpatural background” Commented [nlm91]: Expand if time to include
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areas, and wetlands provide feeding and roosting grounds for some birds whose waste products

can increase BOD and nutrients in runoff.
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Project goal

Goals and Objectives

The goal of this water quality improvement report and implementation plan is to address temperature
and DO problems in the Pilchuck River in order to improve water quality and restore beneficial uses.
More specifically, the goal is for the Pilchuck River to meet Washington State DO and pH water
quality standards.

Project objectives

Data collection objectives

Collect high quality data during field surveys from June to September 2012.

Refine understanding of Pilchuck River through follow-up data collection efforts in 2014 and
2016.

Characterize stream temperatures and processes governing the thermal regime in the
Pilchuck River and major tributaries. This includes the influence of tributaries and
groundwater/surface water interactions on the heat budget.

TMDL analysis objectives

Develop a predictive temperature model for the Pilchuck River. Using critical conditions in
the model, determine the streams’ capacities to assimilate or release heat. Evaluate the
system potential temperature (approximate natural temperature conditions).

Characterize processes governing DO and pH in the Pilchuck River and major tributaries,
including the influence of tributaries, point and nonpoint sources, and groundwater.

Develop a model to simulate instream biochemical processes and productivity, DO, and pH
in the Pilchuck River. Evaluate system potential conditions with the model by removing
human pollutant sources and hydromodifications to the extent feasible.

Using critical conditions in the model, determine the loading capacity of pollutants needed to
meet temperature, pH, and DO water quality criteria and protect beneficial uses.

Present potential pollutant allocation scenario for point and nonpoint sources in order to meet
the loading capacity.

Use the calibrated models to evaluate scenarios for future water quality management of the
Pilchuck River watershed.
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Implementation objectives
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Methods

Ecology’s study design, data collection, and data quality methods are described in detail in the
Quality Assurance Project Plan (QAPP) for this study (Swanson et al., 2012) and addendums to
the QAPP (Mathieu, 2014; Mathieu, 2016).

Final study area, locations, data quality, data collection, and modeling methods are described
briefly here and in greater detail in Appendices C. D, and E.

Study area and locations|

The study area for this project extends from approximately river mile (RM) 25.5 between
Menzel Lake Rd and the Snohomish diversion dam to ~RM 1.5 at the 2*¢ St bridge in Snohomish

(Figure 6).

Ecology collected samples and measurements from 14 key locations on the mainstem Pilchuck
River, 1 point source (2 locations), and 2 significant tributaries (Table 8). Appendix C details
additional locations that were sampled in a more limited capacity for the TMDL including 5

additional mainstem sites, 17 minor tributaries, 9 seeps, and 5 piezometers.

[Table 8. Core study locations on the Pilchuck River.
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Location ID | Map# | Location Description | Latitude | Longitude| | mbs Not so much for this figure itself, but for reference as reader
Mainstem Pilchuck N == Eh repor : — J
- - - TG ted [NE(96]: Latlong are included in Table C-1, you
07-PIL-25.5 1 Pilchuck River at Menzel Lake Rd., ~20 ft. d/s of bridge 48.01872 | -121.91504 | could drop here if you need the space
07-PIL-21.5 2 Pilchuck River at Robe-Menzel Rd., just u/s of bridge 48.05479 | -121.95703
07-PIL-18.9 3 Pilchuck River ~200 ft upstream of Granite Falls WWTP 4807601 | -121.97758
07-PIL-18.7 4 Pilchuck River at WDFW access at end of Ray Gray Rd 48.07632 | -121.98303
07-PIL-15.1 5 Pilchuck River at 64th St., ~100 ft. u/s of bridge near RB ? 48.05355 | -122.02357
07-PIL-11.6 6 Pilchuck River just u/s of 28th PI NE access to river 48.02309 | -122.02401
07-PIL-10.4 7 Pilchuck River at Russell Rd., ~30 ft. u/s of bridge 48.00740 | -122.03333
07-PIL-8.6 8 Pilchuck River u/s of confluence with Little Pilchuck River 47.98907 | -122.03681
07-PIL-8.5 9 Pilchuck River at OK Mill Rd., ~25 ft. d/s of bridge 4798675 | -122.03550
07-PIL-8.2 10 Pilchuck River ~1,000 ft d/s of OK Mill Rd 4798498 | -122.03672
07-PIL-5.8 1 Pilchuck River ~900 ft u/s of Dubuque Rd; ju/s of {spring/ trib 963091 12206398 Commented [NE(97]: Missing info
on left bank
07-PIL-5.7 12 Pilchuck River at Dubuque Rd., ~150 ft. d/s of bridge 4796207 | -122.06569
07-PIL-3.6 13 Pilchuck River at Three Lakes Rd, ~25 ft. u/s of bridge 47.93756 | -122.07466
07-PIL-2.0 14 Pilchuck River at 6th St., ~80 ft. u/s of bridge 4791883 | -122.08253
Point Sources and Major Tributaries
07-GRA-EFF I P1 | Granite Falls WWTP effluent at plant after UV treatment 4807899 | -121.97520
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07-GRA-STP P2 Granite Falls WWTP manhole near outfall to Pilchuck 48.07605 | -121.97971
07-DUB-0.0 T1 Dubuque Creek ~50 ft. u/s of confluence with Pilchuck R 47.98791 | -122.03630
07-LIT-1.8 T2 Little Pilchuck Creek at 12th St., ~200 ft. d/s of bridge 48.00707 | -122.04557
1 d/s = down stream

2 u/s = up stream

3 RB = right bank.
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Data quality methods

Data quality assurance methods included:
e Field Quality Assurance (QA) Methods:
o Duplicate samples, streamflow, periphyton, and water quality measurements.

o Calibration of water quality instruments (including sondes and thermistors), prior
to use or deployment, using NIST-certified standards and manufacturer or
Ecology procedures. Deployed sondes were also post-checked using the same
procedures.

e Lab QA Methods:

o Manchester analyzed duplicates, blanks, matrix spikes, and laboratory control
samples for each batch of samples analyzed, following routine laboratory
procedures (MEL 2008).

See Appendix D for further information on data quality.

Data collection methods

In general, data collection followed the plan outlined in the QAPP and addendums, with a few
notable exceptions:

e During the 2012 study, several thermistors were lost or stolen. As a result several locations
did not have complete temperature records from June to October. These stations were
redeployed in early August and captured the 7-DADMax peak for the year, but not the peak
daily max.

e The 2016 study planned to install 8-12 piezometers along the course of the river. Piezometer
installation was attempted at multiple locations in the upper watershed, but failed due to
underlying glacial till, cobbles, or bedrock. As a result, only five piezometers were
successfully installed in the mid to lower river. Additional seeps were sampled to compensate
for the reduced number of groundwater samples.

Information and data from sources outside of Ecology

Information from the USGS flow lgage 12155300 (Pilchuck River near Snohomish, WA) was

used for the model development and calibration, as well as general validation of Ecology data.
Streamflow and stage data were utilized from the USGS station (USGS. 2017).

Modeling framework

Ecology used the recently updated QUAL2Kw 6.0 modeling framework (Pelletier and Chapra,
2008) to develop the loading capacity for nutrients and temperature and to make predictions
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about water quality under various scenarios. The QUAL2Kw model framework and complete
documentation are available at http://www.ecy.wa.gov/programs/eap/models.html.

Appendix E describes the modeling framework in greater detail. In general Ecology:

e Used the TTools extension for ArcView (Ecology. 2015) to process GIS data for input to the
shade model.

e Used Ecology’s Shade xlsm model (version 40b04a06; Pelletier, 2015) to estimate effective
shade along the mainstem of the Pilchuck River.

e Collected/compiled time series data and developed time series records from discrete data
using linear interpolation or regression.

e Populated the QUAL2Kw model with channel geometry, model segmentation, and reach
information.

e Populated the QUAL2Kw model with meteorology, water quality, and shade data.

Figure 9 depicts a conceptual diagram of the modeling inputs and framework.

Ecology Ecology
depth float Water Quality Ecology
surveys; dye Time Series Discrete Data
study Data

Topographic Constructed
shade, riparian Time Series

vegetation codes, Data
etc. (interpolation/
regression)

Channel
geometry; model
segmentation

Reaeration;
Shade Sediment

Model oxygen
demand

QUAL2Kw V6 -

Dynamic Water Quality Model with
kinematic flow routing

Figure 8. Conceptual diagram of the model inputs and framework.

The QUAL2Kw water quality model was first developed for the temperature analysis and then
expanded to simulate the effects of nutrients, periphyton growth, carbonaceous biochemical

oxygen demand. and hyporheic biofilm growth on DO in the Pilchuck River.
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There are several important concepts for modeling the effect of primary productivity in running
waters. Among the most important are:

1:

Within the model, only one nutrient can limit algal growth at a time. The limiting nutrient
will be the least available relative to its demand. This principle is known as Liebig’s law of
the minimum (Chapra, 1997).

For river modeling, it is important to correctly limit the growth rate to predict algal biomass
yield. The growth rate is limited by the |concentration| of the most limiting nutrient (i.e.. the

supply rate of the limiting nutrient), by the amount of available light, and by temperature. In
some situations other factors limit growth instead of nutrients, such as scour or sloughing,
space available for attachment, or grazing by macroinvertebrates.

It is appropriate to use the dissolved-fraction concentration of the limiting nutrient, such as
Soluble Reactive Phosphorus (SRP) and Dissolved Inorganic Nitrogen (DIN), as the basis for
modeling periphyton growth. This is because the nutrient must be in a readily-available form
for biological uptake and growth to occur during solute transport (Jacoby and Welch, 2004).

Total phosphorus and nitrogen are important to model since the particulate and organic
fractions can be transformed into the dissolved fractions through various instream and
hyporheic processes.

Ecology’s River Metabolism Analyzer (RMA) was also used to derive estimates of respiration,
productivity, reaeration, and sediment oxygen demand (SOD) using the diel water quality data
and whole stream metabolism analysis techniques.

Detailed documentation of the modeling framework is provided in Appendix E (Model
Documentation).
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Model calibration methods

Appendix E (Model Documentation) provides a detailed description of the model calibration.
The general approach was:

1. Evaluating the quality of the geometry rating curves, and associated longitudinal depth and
width data, by comparing to observed time of travel data within the QUAL2Kw model.

2. Calibrating to observed temperature data by making several adjustments to rates, constants,
and input data, based on review of the data quality and adjustment of light and heat model
parameters.

3. Using continuous temperature data from all stations in the 2012 study to evaluate the balance
of error between sites and minimize overall bias.

4. Using the calibrated temperature model (QUAL2Kw) as a starting point for DO and
nutrients.

5. Calibrating to observed suspended solids data by adjusting the Inorganic Suspended Solids
(ISS) and chlorophyll input data to optimize goodness of fit to observed data during critical
conditions. While DO in the model was generally insensitive to the concentrations of these
parameters, having realistic levels in the model is important to accurately account for light
limitation factors.

6. Calibrating productivity of the hyporheic biofilm to generate a SOD comparable to estimates
derived from whole stream metabolism analysis using RMA. The diffuse/groundwater
CBOD input concentrations were increased to match this level of productivity.

7. Researching rates used in calibrated QUAL2Kw models in the Western U.S. and using the
25% and 75% percentiles of these rates as the ranges for the initial adjustment of model
parameters. A couple rates fwere ultimately adjusted beyond this interquartile, but remained

within the bounds of literature and previous studies.

8. Relying on diel DO data collected during the late August 2012 survey as the primary tool for
visual evaluation during calibration of DO. Data from this survey was generally of higher
quality, had more stations, and was collected during more stable flow conditions then the late
July/early August 2012 survey.

9. Using additional nutrient and diel water quality data from 2016 to help guide calibration.
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Results and Discussion

During the 2012 field study, Ecology collected flow, DO, pH, temperature, periphyton, and
nutrient data. The goal of this effort was to characterize and model the response of temperature,
DO, and pH in the water column. Ecology extended the study during the summers of 2014 and
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Ecology sources

In 2004, Washington State enacted a law entitled the Water Quality Data Act. The law requires
that the data used in certain water quality activities meet its credible data principles. As required
by this law, Ecology developed a policy regarding the use and collection of water quality data.
The three main goals of the policy are to:

1. Explain how data is used to inform decisions about water quality and water quality

improvement projects,
2. Describe criteria to establish data credibility, and
3. Recommend appropriate training and experience for data collection.

Ecology s pohcy Ensurmg Credlble Data for Water Quality Management” is available online

Overall, Ecology found the study data to be of acceptable quality and useable based on the above
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Ecology reviewed the data quality methods and results from USGS and determined the data used
was of acceptable quality. A description of USGS data quality methods and results is included in
Appendix D.

Model quality assessment results

Appendix E provides a detailed description of the model quality evaluation including an error
and sensitivity analysis.
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In general the calibrated model performed well for temperature under a dynamic set of
conditions over the course of the modeling period. Performance was measured by the ability to
predict important spatial and temporal patterns of these variables.

Performance was also assessed through goodness of fit to observed data, via statistics for error
and bias. In this respect, the model calibration was comparable in fitness to similar applications
of QUAL2Kw (Sanderson and Pickett, 2014);

e For all hourly predictions during the most critical period of 7/8/12 to 9/8/12:
o Average RMSE = 0.65°C
o Average Bias =-0.10°C
o Error was worst during early July (higher flows) and early September (lower
temperatures).
e For observed vs predicted 7-DADMax values from 7/8/12 to 9/8/12:
o Average RMSE = 0.46°C
o Average Bias =-0.02°C

The temperature model was most sensitive to factors affecting either:
a) Solar shortwave radiation, including observed (or modeled) solar radiation and effective
shade and cloud cover inputs.
b) Longwave radiation, which is influenced by the chosen emissivity model.

The calibrated model also performed well for key water quality variables including DO, pH, and
nutrients, under a dynamic set of conditions over the course of the modeling period. Performance
was measured by the ability to predict important spatial and temporal patterns of these variables,
particularly diel DO at higher levels of primary productivity.

Performance was also assessed through goodness of fit to observed data using statistics for error
and bias. In this respect, the model calibration was comparable in fitness to similar applications
of QUAL2Kw(Sanderson and Pickett, 2014), with an average RMSE of 0.23 mg/L and an
average bias of 0.02 mg/L. during the most critical period of 7/8/12 to 9/8/12!]

The model was most sensitive to parameters and inputs that affect bottom algae primary
productivity and biomass, particularly maximum growth rate and respiration rates.

Hydrology

Based on USGS gage data, streamflow in the Pilchuck River followed a relatively typical pattern
(near historical median for 1992-2016) in August and early September of 2012, but were well
above the median in June and July and below the median in late September and October (Figure
7). Flows steadily receded from July through September, dropping to a baseflow of 50 to 70 cfs.
Streamflow levels were above the median from June through mid-August and then below the
median in September and early October. Data collection also occurred in 2014 and 2016, which
were more typical flow years (near median flow).
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Figure 9. Pilchuck River summer flows for study years, a low-flow year (2003), and historical

median daily flow.
The most significant hydrologic inputs to the Pilchuck River within the study area are
groundwater (see discussion below), Little Pilchuck River, and Dubuque Creek. These two
tributaries range from a combined input of 0.1 cfs (or 0.2 % of mainstem flow) in the late
summer or early fall of 2014 to 14 cfs (or 14% of mainstem) in July 2012.

Flow measurements at the USGS gage only extend back to 1992, so a long term flow record was
not available to determine reliable flow statistics. Based on the 25-year record from 1992 to
201(1, the 7Q10 low flow is ~41.8 cfs and the 7Q2 low flow is ~57.6 cfs. Low-flow years

precipitation? Looks like 2012 had lower precip, worth mentioning?
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The localized effect of groundwater entering a waterbody can significantly affect water quality
and the associated fish habitat. Ecology area observed numerous locations in the study area

(Figures 9 and [12) where the following types of subsurface discharge occurred: _—{ commented [MC(116]: Whynot 9 and 10? No reference to
L Fl.gure 12 in later portions of this section

e Lateral discharge from shallow surficial aquifers to the mainstem Pilchuck or
hydrologically connected tributary can occur when an underlying confining layer prevents
vertical migration of groundwater. This type of discharge was observed throughout the
watershed and typically occurred where the river channel intersected or was adjacent to a
confining Vashon till layer. A similar type of discharge was observed in an area where an
intersection with confining bedrock resulted in concentrated groundwater discharge near the
outfall to the Granite Falls WWTP and WDFW access at Ray Gray Rd.

e Vertical upwelling of groundwater occurs when groundwater enters the river in a relatively
porous area of a streambed. Ecology observed this condition in the piezometer downstream
of Dubuque Rd. It is unclear whether the source of this upwelling water was a break in the
confining layer and connection to a deeper aquifer unit or a thicker layer of alluvium that was
connected to the surficial aquifer layer (i.e.. depth to Vashon till was greater). Water quality
results, temperature monitoring, and vertical hydraulic gradients suggest this was not shallow
or recent hyporheic discharge (for example from a riffle/pool sequence or gravel bar in the
active channel).

e Off-stream wetlands, ponds, lakes, or tributaries can have a hydrologic subsurface
connection with the Pilchuck River channel. Based on aerial photography and digital
elevation models there are numerous areas where this is a possibility. Notable wetlands,
ponds, and lake areas include the pond wetland complexes at ~RM13, the Connor Lake
tributary, and ~RM25. Notable tributary channels with potential subsurface flow are Little
Pilchuck and Dubuque creeks.

e Alluvial floodplain aquifers (hyporheic flow) can have locations where stream flows go
subsurface then return to the river as cooler water. The time water spends subsurface and the
distance it travels can be very short or very long, affecting the amount of cooling that occurs.
Areas where this may occur include the major side channel at RM 14. These areas were
identified by springs and seeps with conductivities similar to river water. More discussion on
the effect of hyporheic flows on river DO and temperature levels is provided in the following
section of this report.

Ecology developed multiple flow balances based on seepage surveys conducted in 2012 and
2014 (Table 12). An uncertainty analysis was performed on the seepage flow balance for each
reach. The reach seepage gain or loss was deemed significant if it exceeded the 95% confidence
interval of the combined measurement error for each flow site.

The net significant gain was calculated as the sum of all significant gains and losses (bold
numbers in Table 9), while “net gain — all” is the sum of all gains and losses, including those that
were not statistically significant.
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The majority of the surveys showed a consistent significant overall gain of approximately 8 to 14
cfs, equating to roughly 10 to 20% of river flow. A large “gain” (a positive difference from
upstream to downstream) of 45 cfs was measured during the July 2012 survey when flows were
above 100 cfs. However, only five mainstem measurement locations were surveyed and
boundary flows were dropping over the course of the survey. This suggests that this difference
may be partially due to dynamic flow changes.

Table 9. Flow gains and losses, with significance, from the 2012 and 2014 seepage surveys.
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The 2014 surveys identified two areas of consistent and substantial gains:

1. The reach between Robe-Menzel Rd (PIL20.9) and Ray Gray Rd (PIL18.7).

a. As mentioned above, groundwater discharge was observed at the bedrock outcropping
near the Granite Falls WWTP.

b. In 2010, Snohomish County documented a 0.9°C decrease in 7-DADMax temperature
between ~RM 20.6 and ~RM 18.5 (SCSWM, 2012).
2. The reach between Russell Rd (PIL10.1) and OK Mill Rd (PIL8.4).
a. Given that the mouths of Little Pilchuck River and Dubuque Creek enter in this stretch, it
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Longitudinal temperature profiles collected in 2014 were not as useful as field surveys in
identifying CWR because short term cooling effects were generally limited to less than 0.2°C in
the main channel. Significant reductions in temperature were only observed in poorly mixed or
off-channel locations which were not measured by these profiles. Profiles were collected during
the 2014 floats with temperature recorded every 30 seconds.

Many of these potential cold water refuge locations appear to currently lack the channel
structure, or habitat features to adequately provide refuge to fish. This information along with
extensive habitat information provided by Snohomish County’s Middle Pilchuck River
Assessment Habitat Report (SCSWM, 2012) khould bel used to prioritize potential instream

restoration projects||
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Table 10. Potential Coldwater Refuge locations identified in the Pilchuck River]
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talking about the different ways to create CWRs

RSS Nuri, didn’t we try and make some flow estimates at some
ions? Iseem to b ﬁndmg blades of grass to do that!
Heather and I might combine a little d ion of temp diffe

and flow rates in the implementation plan

{ commented [NE(124]: Are these temps averages of 2012 and

2014 surveys? What month were these temps measured (can

L describe in texf)

. Temp Dif_f from .
ite ID ~RM | Bank cc) r:;:ﬂs}s"r\l Description/comments
PSSy
Seep23.1 231 Right 10.8 72 Large log jam and pools immediately upstream
Trb22.5 225 | Right 125 54 Tr butary with some large woody debris (LWD) and side channels
Seep21.1 211 | Right 16.43 27 XX
Seep20.5 20.5 | Right 1248 52 Near Skinner road side channel monitored by Snohomish County
Trb19.6 19.6 | Right 171 35 Tr butary with pools, log jams, braids, and seeps within 0.5 km
Seep18.9 189 Left 139 6.4 Groundwater seep upstream of WWTP outfall
Seep18.1 18.1 Right 14.68 -3.6 Seep on bank ~10' above water surface
Trb17.2 17.2 Left 15.1 -1.8 Tr butary with pools, log jams, and seeps within 0.5 km
Seep15.3 153 Left 1349 71 Seep; possibly fed by upland wetlands ~500' to NE
Trb15.3 15.3 Left 156.39 -38 Trbutary; poss bly fed by upland wetlands ~500' to NE
Seep15.1 151 Right 175 29 f(')(;fﬂ channel wetlands likely fed by groundwater and hyporheic
Seep14.3 14.3 | Right 149 57 Series of three culverts in armored bank
Side Channel 143 Left Maijor side channel
Seep13.3 133 Left 15 6.1 Multiple seeps from RM 12.8 to 13.5; off channel habitat potential
Seep11.7 TET Left 12 -105 Off channel habitat potential, needs LWD/cover
Seep10.7 10.7 Left 14.66 83 Multiple seeps, | kely fed by large wetlands complex to E/SE
Trb10.6 106 Left 9.81 131 gg;tary, likely fed by groundwater and wetlands complex to
Trb7.3 73 Left 12.21 49 Tr butary channel/culvert and multiple seeps
Trb6 6.0 Left 13.86 45 Tr butary channel fed by wetlands to the east
Seep5.8 58 Left 149 56 Seep just upstream of Dubuque Rd
Average = 14.2 -5.6
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Figure 10. Locations of observed and sampled seeps, piezometers, potential cold water refuge
(CWR), and reaches with significant flow gains.
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Field staff also collected water quality measurements of apparent groundwater seepage during
surveys conducted in 2014 and 2016 (Figure 10). Given that measurements were collected from
day-lighted sources, the temperature, pH, and DO results are likely higher than subsurface

groundwater.
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Figure 11. Boxplots of groundwater seep measurement results for 2014 and 2016.

In 2016, the mainstem river bottom was instrumented with 5 in-stream piezometers to measure
groundwater characteristics at or just below the river bed. Four of the piezometers were
instrumented with temperature loggers at multiple depths and deployed in the river for a period
of two months. The other piezometer was installed at 64 Ave bridge (PIL15.1) and only left in
for one day and then sampled, due to impending site access restriction related to removal and
replacement of the existing bridge. This piezometer did not have any temperature logger
installed.

Based on positive vertical hydraulic gradients, water quality characteristics, and temperature
profiles. [Ecology identified the 64 Ave bridge (PIL15.1) and Dubuque Rd (PIL5.7) piczometers
as likely areas where the river was gaining flow. The remaining piezometers upstream of Little
Pilchuck (PIL8.6), downstream of OK Mill Rd (PIL8.2), and at Three Lakes Rd (PIL3.6) were

identified as likely losing | gr?ﬁﬁmaf(:‘zs]: No time now, but let’s compare this to
al ts for consistency

Temperature results for the piezometers are depicted in Figure 11. The gaining piezometer at
Dubuque Rd shows a relatively stable, cool temperature of ~13°C at the lowest temperature
logger (~3.5 feet below streambed). In the other 3 piezometers temperatures below the
streambed mimic stream temperature patterns, but daily variations are muted at deeper depths.
As an example, on 9/10/16 the daily max temperature ~1 foot below the streambed was 2 to
2.5°C less than the stream temperature, highlighting the potential importance of the hyporheic
zone in regulating stream temperatures.
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Figure 12. Piezometer temperature monitoring results for 2016.
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Figure 13. Selected groundwater seepage areas observed within the Pilchuck River channel during 2014 surveys.

| commented [MC{126]: It would be beneficial to have a short
 description in the text about what each photograph is showing
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Hyporheic zone

The hyporheic zone of a stream refers to the saturated interstitial spaces below the stream bed
and adjacent stream banks that contain some proportion of channel water (White, 1993). It plays
an important role in buffering stream temperatures, providing habitat, cycling nutrients, and
buffering pollutants. Hyporheic areas have been described as “giant trickling filters”
(Danielopol, 1989).

b

Biological productivity within the hyporheic zone can be a significant contributor to whole-
stream productivity (Mulholland et al, 1997; Fellows et al, 2001) and affect both localized and
overall dissolved oxygen levels. Even systems with significant primary productivity from
aquatic plant life can be net-heterotrophic due to hyporheic activity (Grimm and Fisher, 1984).
Streams with hyporheic productivity tend to be net sinks for organic matter and dissolved oxygen
(Mulholland et al, 2001) due to the presence and growth of heterotrophic organisms
(invertebrates and microbes).

The hyporheic zone can be either a net source (from decomposition of particulate organic matter)
or a net sink (due to microbial assimilation) of dissolved organic carbon (DOC) (Brugger et al
2001; Battin et al., 2003; Crenshaw et al, 2002). [Forest/riparian soils in the floodplain terrace can
represlent a 51gmﬁcant source of DOC to the hyporheic zone (Clinton et al, 2002; Mei et al,

2012)

The potential for several different hyporheic exchange processes were observed in the Pilchuck

River during the study (Figure 14), including:

e Downwelling/upwelling flow in riffle/pool sequences with coarse alluvial substrate.
Downwelling typically occurs at the beginning of a riffle, with upwelling occurring in the
downstream pool. This is most prevalent in the upper and mid sections of the study area.

e Flow through large alluvial deposits (gravel/sand bars or islands) in the active channel. This
type of hyporheic flow was observed throughout the study area.

e Flow through alluvial floodplain aquifers (historic river channel) adjacent to active stream
channel. This is most prevalent in the middle to lower sections of the study area.

Figure 13 demonstrates the model simulated ffect of hyporheic flow on predicted daily

maximum temperatures for the Pilchuck River on August 5, 2012, Without hyporheic flow,

temperatures would increase by up to 0.9°C and an average of 0.4°C|A large increase in the

hyporheic zone thickness (to 100 cm) and flow fraction (to 25%) would decrease daily max
temperature by up to 1.0°C and an average of 0.6°C.

Modeling analysis also found that the current level of hyporheic activity provides up to an 18%
and an average of 8% decrease in inorganic phosphorus concentrations in the river (compared to
no hyporheic activity). |
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| Commented [NE(134]: Belongs in separate paragraph I think
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Figure 14. Model simulated effect of hyporheic flow on Pilchuck River daily maximum

temperatures for 8/5/12.
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Figure 15. Examples of observed hyporheic flow in the Pilchuck River. Commented [SR(135]: Should we explain to the reader what
the processes shown depict? Text about suggests it might
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Meteorology

Hourly air temperature, humidity, wind speed, solar radiation, and cloud cover data were used from the locations identified in Table
10. In addition to these stations, Ecology installed a network of data loggers to continuously monitor near-stream air temperature at

11 stations in 2012.

The AgWeatherNet station at Snohomish and the National Weather Service site at the Everett Paine Field Airport provided the
primary sources of dew point, solar radiation, wind, and cloud cover data.

Table 11. Weather data used in the 2012 model.

Agency

Station

Frequency

Air Temp

Dew Point/RH

Solar Rad

Wind

Cloud Cover

07-PIL-2.0

07-PIL-5.7

07-PIL-8.5

07-PIL-10.4

07-PIL-15.1

07-PIL-21.5

07-PIL-25.5

07-CON-0.0

07-DUB-0.0

07-LIT-1.8

XIX XXX X|X|X]|X]|X

WSU AgWeatherNet

Snohomish

15 minute

x

WA Ecology

p5A105

15 minute

x

NCDC Coop SOD

Monroe 455525

Daily

X
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z 5
o T >
. E [ 2 (N2 | =8
Agency Station Frequency - g = = =5
= S -
< » o
a 3
) Arlington Municipal Airport X X X X X
NCDC Surface Airways - - Hourly
Everett Snohomish Airport X X X X X

NCDC = National Climatic Data Center
SOD = Summary of the Day

After reviewing monitoring stations in the vicinity of the Pilchuck River watershed, the National Climate Data Center (NCDC)
Cooperative Summary of the Day station, MONROE 455525 was selected as the closest station with a long period of record (50+ years)
for calculating a distribution of annual hottest 7-day period air temperatures. Distribution of the highest annual 7-DADMax values from
this station is shown in Table 11. Also shown are the values of the individual annual hottest 7-day periods within the last decade.
Shading in the table helps distinguish the relative difference between the recent years. ’Year 2012 has one of the highest annual hottest 7-
day periods on record, falling out around the 98%-99th percentile.\

Table 12. Summary of air temperature data at MONROE 1948 -2012.

supporting
| paragraph because it’s the last sentence (global)

- Commented [NE(137]: For readability/ plain talk, suggest you |
put the most important inft ion at the beginning of each

paragraph (your main point), then follow it up with all the
ing information It’s hard to find the main point in this

‘c ted [MC(138]: No footnote to table

“~{ Commented [NE(139]: Having these two different tables

aligned with the same number of rows is really confusing at first
Consider eliminating the table on the left, and adding columns on the
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Percentile Highest Apnual 7_-day Mean Year Highest Apnual 7_-day Mean
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0% 63.6 2002 67.1

10% 65.5 2003 69.3

20% 67.0 2004 71.6

30% 68.1 2005 67.5 e ]
40% 68.9 2006 73.1 (

50% 69.4 2007 69.8

60% 69.9 2008 711

70% 709 2009 76.4



80% 71.6
90% 743
100% 82.9

Effective shade

Effective shade is measured as the difference between solar radiation above the canopy and the solar radiation that ends up making it to

the stream.

Effective shade produced from riparian vegetation and topographic features was estimated using the Shade model. The model quantifies
the solar radiation received along each reach of the channel for each hour of the day. taking into account shading provided by vegetation
canopy and topographic features.

Effective shade estimates the Shade model were checked using hemispherical photography. Hemispherical canopy pictures were taken

P

C

Commented [NE(141]: Suggest that heading sentence in
paragraph should state the point you want to make about Figure 8,
rather than just stating that it shows data from MONROE Make

your point right away if possible

at or near each water temperature monitoring location along the mainstem of Pilchuck River. Ecology processed the images using both L__,/" Commented [NE(142]: Is it worth explaining why you used

HemiView and Gap Light Analyzer (GLA) software (Frazer et al., 1999) to provide field estimates of effective shade to compare to the
shade model results. The HemiView and GLA calculations were made for August Il 4[, 2012‘ to represent critical conditions (peak 7-

DADMax).

Figure 15 illustrates an effective shade profile for August 15, 2012. Effective shade ranged from near 0% to greater than 90%, but was

typically less than 50% (between 10% and 40%).
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Figure 16. Modeled effective shade along the Pilchuck River for Existing Vegetation on 8/15/12.

Water temperature

Ecology monitored water temperature in 2012 using data loggers at numerous sites along the Pilchuck River mainstem, and at key
tributaries. Table 14 summarizes the peak daily max and 7-day average daily max (7-DADMax) values at these sites. The peak 7-
DADMax (22.b5|°C) and daily max (22.87°C) temperatures were recorded at the Russell Rd site (PIL10.4) on August 14 and August
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16, 2012 (note: data before August 7t was lost at this site, so this may not represent peak annual temperatures. These results were
consistent with 2010 temperature monitoring by Snohomish County where the peak 7-DADMax of 22.9°C occurred at Russel Rd
(SCSWM, 2012).

For sites with a full period of record (June through October), the hottest stream temperatures occurred on August 5, 2012. All of these
2012 dates correspond to periods where the 7-day max air temperatures were greater than the historical 90" percentiles (see
meteorology section).
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Table 13. Peak daily max and 7-day average daily max (7-DADMax) values from the 2012 data.
Peak 7- Peak Day 7- | Peak Daily

Station Deployment DADMax °C DADMax Max °C Peak Day

Mainstem

PIL255 6/6/12 - 10/9/12 17.62 8/15/12 18.70 8/5/12
PIL215 6/6/12 - 10/9/12 20.36 8/15/12 2122 8/5/12
PIL151 8/8/12 - 10/9/12 20.52 8/15/12 2124 8/16/12
PIL10.4 8/7/12 - 10/9/12 22 05 8/14/12 2287 8/16/12
PIL8.5 6/6/12 - 10/8/12 21.39 8/14/12 2256 8/5/12
PIL5.7 8/7/12 - 10/8/12 2174 8/14/12 2249 8/17/12
PIL2.0 8/7/12 - 10/8/12 21.64 8/14/12 2245 8/17/12
Tributaries/Point Sources

GRASIP | [OM1s-021Z 1957 o712 2043 8/5/12
LIT-1.8 6/6/12 - 10/9/12 21.35 8/15/12 22 61 8/5/12
DUB-0.0 6/6/12 - 10/8/12 19.85 8/15/12 2122 8/5/12
CON-0.0 6/6/12 - 8/6/12 21.23 7/9/12 2199 8/5/12

*Grey shading indicates the annual peak temperature was likely not captured due to data gaps.

Water temperatures were monitored by Ecology in similar way during August 2016. This survey provided greater spatial resolution
over a shorter period of time. The results (Table 15) show rapid stream heating from RM 25 to 21 and RM 15 to 11.6, with stable or
cooling daily maximum temperatures from RM 21 to 18.7, RM 11.6 to 5.7, RM 3.6 to 2.0. This is generally consistent with previous
temperature monitoring (SCSWM, 2012) and kstimates of groundwater flow gainsl (see Groundwater results section).

Table 14. [Temperature Results for 8/18/16.

Temp | Temp Temp Daily Min Daily Avg Daily Max
~RM | Min Avg Max change rate | change rate | change rate
(°C) (°C) (°C) (°C /mile) (°C /mile) (°C/mile)
255 | 1374 | nla 18.41
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215 | 1546 | 17.98 21 043 n/a

18.7 | 1592 | 18.45 21.14 0.16 0.17 0.05
15.0 | 16.69 | 18.93 21.46 0.21 0.13 0.09
116 | 16.81 | 1947 2263 0.04 0.16 0.34
85 | 16.85 | 19.55 22.56 0.01 0.03 -0.02
57 | 16.91 | 19.57 2245 0.02 0.01 -0.04
36 | 17.13 | 19.68 2263 0.10 0.05 0.09
20 | 1716 | 19.54 22.15 0.02 -0.09 -0.30

The tcalibrated temperature model suggests solar shortwave and longwave radiation are the dominant physical processes influencing
instream temperatures kFigure 17[). However hyporheic flow does have a measureable impact on lowering peak afternoon

-~ Commented [MC(150]: Need to explain what the different
shading means

Commented [PP(151]: s f perhaps one decimal place for the
data, and 2 for the rates

| Commented [NE(152]: Model not introduced yet

temperatures (see Hyporheic results and discussion section).
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Figure 17. Diel predicted heat fluxes in the Pilchuck River for 8/17/12.

Nutrients

Ecology collected nutrient samples along the mainstem of the Pilchuck River during the two synoptic surveys in 2012, as well as
during a synoptic survey on August 17, 2016. The 2016 synoptic survey was conducted to provide additional information regarding
nutrient concentrations and water quality below the WWTP and added additional sampling locations at RM 19, 18.7, 17.4, and 11.6.
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Figure 18 depicts longitudinal nitrogen concentrations for the three synoptic surveys. The data illustrate several observed patterns:

e Ammonia was typically below the reporting limit.
. . [ =
e Nitrate and total nitrogen decreased from RM 25 to |19 and RM 15 to 10. - Ool:nMnsn_tﬁiig‘E(ﬁg ;h?eh:m’tmmmh figure
. - « at it
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Figure 18. Longitudinal nitrogen concentrations in the Pilchuck River in 2012 and 2016.

Figure 19 depicts longitudinal phosphorus concentrations for the three synoptic surveys. The data illustrate several observed patterns:
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e Orthophosphate and total phosphorus decreased from RM 25 to 19 and RM 15 to 2.
e Orthophosphate and total phosphorus increased steeply from RM 19 to 15.

Mass balance analysis and the calibrated model show that the Granite Falls WWTP is the primary source of phosphorus and nitrogen ' Commented [PP(158]: Premature to present that here Needs to
inputs within the Pilchuck TMDL study area. > Gown whiex:yo prsmead rilel Sismeni ual sl y et
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19)
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Figure 19. Longitudinal phosphorus concentrations in the Pilchuck River in 2012 and 2016/
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Table 16 contains the periphyton i(bottom algae) biomass results from the 2012 field surveys. The average values represent the average
of three samples collected at each location, one from the left side of channel, one from the center of the channel, and one from the
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right side of the channel. The ratio of chlorophyll a to ash-free dry weight (AFDW) provides a very general indicator of the relative
amount of autotrophic vs heterotrophic productivity, with higher ratios indicating more tpnmary productiod.

Ecology used the chlorophyll a and lAFDW] content to characterize the range and magnitude of periphyton biomass for use in the

model. Site averaged chlorophyll a biomass ranged from 3.7 to 23.7 mg/ m?, with a median of 14 mg/ m?. Nuisance levels of algae
growth are typically an order of magnitude higher 100-200 mg/m? (Horner et al., 1983; Welch et al., 1988; Quinn, 1991); however, the

QUAL2Kw model indicates the potential effects on dissolved oxygen and pH can be significant in the context of water quality criteria
(see Dissolved Oxygen discussion).

Pilchuck R. Temp & DO TMDL: WQIR/IP
Page 62 - DRAFT

- commented [MC(164]: What does "primary” equate to,
?

antottophnc or heterotrophic

| Commented [MC(165]: Already defined



Table 15. Periphyton results for the Pilchuck River 2012 study.

Average Average Ratio of
Site RM chlorophyll a AFDW chlorophyll a (mg)

(mg/m2) (g/m2) to AFDW (g)
07-PIL-25.5 255 3T 12 3.0
07-PIL-215 215 237 34 6.9
07-PIL-15.1 151 87 21 41
07-PIL-104 104 172 32 53
07-PIL-104 104 208 28 75
07-PIL-85 85 153 27 56
07-PIL-5.7 5.7 140 27 52
07-PIL-2.0 2 140 22 6.3

Figure 20 depicts the observed vs model predicted periphyton biomass throughout the Pilchuck River on August 28, 2012. The
relatively large range in observed values reflects the variability of both the matrix and spatial distribution in the river. Figure 21
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illustrates the variability of growth and types of bottom algae within both a single substrate (24b) and throughout different reaches (24
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Figure 21. Observed variability in periphyton growth in the Pilchuck River.

_,»f{ Commented [NE(169]: Text refersto 21 a. b, c,d Add labels )

Pilchuck R. Temp & DO TMDL: WQIR/IP
Page 65 - DRAFT



Limitation

Numerous factors can limit or stimulate growth of periphyton in rivers and streams, including:
available light and nutrient supply; temperature, grazing and excretion from primary consumers;
and scour from changes in velocity or mobilization of substrate (Larned, 2010). When nutrient
limitation is evident, one theory is that periphyton growth follows Liebig’s Law of the Minimum
which states that the nutrient in shortest supply controls growth, typically either nitrogen or
phosphorus, although carbon, silica, iron, and other micronutrients can potentially also limit
growth (De Baar, 1994).

Cellular and in-stream nutrient concentration ratios are often used as indicators of which nutrient
is limiting growth. Nutrient ratios are frequently compared to the Redfield Ratio of 106C : 16N :
1P, a molar ratio derived from an empirical study of average composition of marine organic
matter (Redfield, 1934; Redfield 1958). In general if the molar N:P ratio is greater than 16:1,
then it is assumed that P is the limiting nutrient and less than that ratio is N-limited. Others have
modified the rule to: > 20:1 indicates P-limitation, <10:1 indicates N-limitation, and between
10:1 and 20:1 either nutrient could be limiting (Shanz and Juon, 1983; Borchardt, 1996).

Figure 22 illustrates the relationship of both total and dissolved nitrogen to phosphorus in the
Pilchuck River. The results suggest that the river is likely phosphorus limited. The only sections
of the river where the ratio is in the ambiguous range (10-20) is immediately below the WWTP
(~RM 18.9) where a large influx of phosphorus occurs, and, to a lesser degree, at the upstream
boundary of the study area. The nutrient ratio data indicates that the river becomes increasingly
phosphorus limited downstream of the WWTP, as phosphorus uptake/loss occurs.
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Figure 23. Simulated periphyton growth limitation factors for the Pilchuck River at OK Mill Rd
(~RM8.5)

Combined = The cumulative growth limitation effect of all limiting factors (nutrient limitation x light
limitation x temperature limitation).
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Biochemical oxygen demand (BOD) and carbon

Ecology collected limited 5-day BOD (BOD5) samples from the river during the August 2016

survey. In addition, the Granite Falls WWTP collects three composite BODS samples per week
from their treated effluent (Table 17).

For use in the water quality model, BODS measurement results were extrapolated to estimates of
ultimate CBOD using the formula:

CBODU = TBODS

T
where CBODU = the ultimate dissolved carbonaceous BOD [mgO,/L]. CBODS = the 5-day
dissolved carbonaceous BOD [mgO»/L]. and k1 = the CBOD decomposition rate in the bottle

[/d].

The reported Granite Falls WWTP BODS result for August 29, 2012 was 15.1 mg/L. using this
equation the CBODu estimate equals 45.8 mg/L. This estimate is consistent with an independent
rough estimate of the CBODu of 49 mg/L derived using the DOC result from August 28, 2012 of
15.9 mg/L and the model ratio of oxygen consumed during carbon oxidation of 3.08 g0%/gC. The
value of 3.08 is the average of the stoichiometric ratios for the amount of oxygen consumed
during plant respiration if ammonia or nitrate is the substrate, 2.69 and 3.47 respectively.

Table 16. Statistics for WWTP BOD5 sample results between 6/6/12 and 10/11/12|

BODS5 Ultimate
(mglt) | Soob

estimate
Count = 38 n/a
Minimum = 23 7.0
Mean = 7.2 217
Median = 6.6 200
Maximum = 157 476
Standard Deviation = 33 n/a
Coefficient of Variance = 0.5 n/a

During the 2012 synoptic surveys, total and dissolved organic carbon levels were typically fairly
low in the river, with dissolved organic carbon often below the reporting limit of 1 mg/L (Figure
24). [The calibrated model suggests there is a significant source of organic carbon and cBOD that

was not captured by the study data collection (see Appendix E Model Documentation for further
discussion).

Organic carbon and ¢cBOD was not measured in groundwater or minor tributaries for the study,
so this value is unknown. The additional source of carbon fueling heterotrophic productivity in
the sediments is unknown but could reasonably be contributed by some combination of
groundwater (particularly from off stream wetlands), buried particulate organic matter from
storm events during the winter/spring, or settling organic matter during the model period.
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Stream metabolism (RMA)

Ecology’s River Metabolism Analyzer (RMA) (Pelletier, 2013) tool was used to provide
estimates of gross primary productivity (GPP), ecosystem respiration (ER), and reaeration. This
provides alternate estimates of these processes to compare to the outputs from the QUAL2Kw

model.

RMA estimates of reaeration averaged 128 gO2/m?/day and ranged from 9.5 to 24.1 gO2/m?/day,

depending on the method used (Delta, nighttime regression, or inverse modeling), survey date, and
location (Table 18). Ultimately, the average of the Delta and nighttime regressions were compared to

model predicted reaeration during calibration.

Pilchuck R. Temp & DO TMDL WQIR/IP
Page 70 - DRAFT

~ Commented [PP(181]: These seems premature to show here

when you haven’t presented model calibration yet But I know

 there’s no perfect way to order things in these reports



Table 17. Reaeration estimates for the Pilchuck River based on 2012 diel data.

Delta Nighttime Inverse
Method Regression Modeling_ Avg Df-’

RM Date DO Reaeration

g DO DO (no inverse
reaeration < 3 %

2 reaeration | reaeration modeling)

(centroid)

LT £ 7/31/2012 16.6 13.22 14.88 149
8.5 7/31/2012 184 10.02 2405 14.2
57 8/28/2012 144 9.82 19.34 121
8.5 8/28/2012 14.8 95 10.66 12:2
104 8/28/2012 127 8.25 14.05 10.5
Average = 15.4 10.2 16.6 12.8
Median = 14.8 98 149 12.2

Hobson et al. (2014) suggests that the sediment oxygen demand (SOD) can be estimated by

subtracting the GPP from ER, assuming that in net heterotrophic systems (ER is greater than
GPP) the additional respiration comes from the sediment or hyporheic zone. RMA estimates of
SOD ranged from 0.9 to 2.6 gO2/m?, with an average of 1.7 (Table 19). All estimates of GPP and
ER indicated the Pilchuck River was net heterotrophic, with the ratio of GPP:ER consistently

between 0.6 and 0.8.

Table 18. Gross primary productivity, ecosystem respiration, and sediment oxygen demand
estimates for the Pilchuck River based on 2012 diel data.

Delta Method Inverse Modeling
Av Av Estimated
RM Date GPg Resgp GPP:ER é‘,;g R‘,:"s% GPP:ER SOD
(cent) | (cent)

57 7/31/2012 27 45 0.60 2.09 363 0.58 T
85 7/31/2012 43 53 0.81 489 6.37 0.77 1.2
57 8/28/2012 34 56 0.61 4.00 7.01 0.57 26
85 8/28/2012 26 3.6 0.72 1.76 261 0.67 0.9
104 8/28/2012 49 6.3 0.78 488 721 0.68 19
Average = 3.6 5.1 07 35 54 0.7 1.7
Median = 34 53 07 40 6.4 0.7 1.7
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Dissolved oxygen and pH

Ecology collected continuous DO and pH data during two surveys in July and August of 2012,
and one survey in August 2016. Observed DO minima consistently fell below water quality
criterion during all three surveys (Table 20). In general DO was lowest between RM 12 and 2, in
the downstream reaches: however, values below the criterion were observed at the upstream

stations as well.

Observed pH fell within the criteria during all surveys; however, PIL 25.5 reached the upper
limit of 8.5 on one day in July 2012. pH values were typically highest in the upstream reaches
and lowest in the downstream reaches.

Table 19. Observed DO and pH minimums and maximums during the 2012 and 2016 surveys.

July 30 - Aug 2, 2012 | August 27 - 30, 2012 | August 16 - 19, 2016
Location_ID = = = DO criteria
DO Max DO Min DO Max DO Min DO Max DO Min
07-PIL-25.5 11.41 9.55 11.07 9.58 10.68 9.04 >9.5mg/L
07-PIL-21.5 10.59 8.7 >9.5mg/L
07-PIL-18.7 10.14 8.39 >9.5mg/L
07-PIL-15.1 9.65 7.88 >9.5mg/L
07-PIL-11.6 10.32 8.13 >9.5mg/L
07-PIL-10.4 10.33 8.51 >9.5mg/L
07-PIL-8.5 10.6 86 10.33 8.49 >9.5mg/L
07-PIL-8.2 9.98 8.37 >9.5mg/L
07-PIL-5.7 10.12 8.59 10.39 8.71 10.27 8.11 >9.5mg/L
07-PIL-3.6 10.03 7.98 >9.5mg/L
07-PIL-2.0 10.02 8.15 >9.5mg/L
07-LI1T-1.8 9.39 8.47 >9.5mg/L
July 30 - Aug 2, 2012 | August 27 - 30, 2012 | August 16 - 19, 2016
Location_ID - - - pH criteria
o pH Max pH Min pH Max pH Min pH Max pH Min
07-PIL-25.5 8.5 75 8.14 7.53 7.86 7.36 6.5t08.5
07-PIL-21.5 791 6.98 6.5t08.5
07-PIL-18.7 7.89 7.35 6.5t08.5
07-PIL-15.1 7.39 7.04 6.5t085
07-PIL-11.6 7.78 7.07 6.5t08.5
07-PIL-10.4 8.06 745 6.5t08.5
07-PIL-8.5 7.72 7.26 6.5t08.5
07-PIL-8.2 19 7.36 6.5t08.5
07-PIL-5.7 7.76 7:33 7.78 742 7.85 7.26 6.5t08.5
07-PIL-3.6 7.72 7.18 6.5t08.5
07-PIL-2.0 7.59 7.1 6.5t08.5
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07-LIT-1.8

768 7.42 6.5t085

07-CON-0.0 764

75 6.5t085

Highlighted cells denote values

below the minimum DO criterion.

The results of simulated diel DO fluxes from the QUAL2Kw model (Figure 25) indicate that:
e The primary sources of increased DO are periphyton photosynthesis (daylight) and reaeration

(nighttime).

e Periphyton respiration and hyporheic sediment oxygen demand (SOD) (driven by cBOD
inputs to hyporheic zone) are the primary factors decreasing DO minimums (night/early

morning).

e Phytoplankton photosynthesis/respiration, cBOD in the water column, and nitrification are all
predicted to have a negligible effect on DO levels.
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Figure 25. Predicted influences on diel dissolved oxygen fluxes for Pilchuck at OK Mill Rd on

8/17/12.
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Temperature TMDL Analysis and Allocations

System potential conditions

The calibrated QUAL2Kw model was used to estimate the temperatures that would be expected to
occur under system potential conditions. System potential conditions are conditions that do not
include human modifications to riparian vegetation. The system potential condition serves as an
estimate of natural conditions, as defined by the state water quality standards.

To estimate system potential DO conditions, the QUAL2Kw model was modified in the following
ways:

e Point source effluent discharges were removed from the simulation.
o Shade inputs were changed to reflect system potential riparian vegetation.

e The upstream end of the model domain and tributary boundary conditions were modified to
decrease temperatures to meet water quality criteria.

e 2012 air temperatures were reduced by 2°C to reflect potential microclimate effects from
system potential riparian vegetation. Dew point temperatures were increased by 1.0°C,
except for at times when that would result in a relative humidity of 100% or greater.

Complete documentation of the model inputs and values used can be found in Appendix E under
the heading “System Potential Conditions Model Inputs.”

It was not possible to accurately include all human modifications to the river system in the
model. Some known or suspected human modifications were omitted, including changes to
groundwater/hyporheic flow and channel geometry. Analysis of these factors is outside the scope
of this study and represent very complex environmental processes that would be difficult to
estimate with a moderate level of certainty.

System potential conditions were simulated continuously for the time period from June 7 to
October 9 using 2012 meteorological conditions. Figures 28-29 present the simulation results for
system potential conditions in the Pilchuck River.

Compliance with standards

During the 2012 study year, the model predicted that the entire river would fail to meet the 7-
DADMax criterion for Core Summer Salmonid Habitat (16°C) during the month of August.
Much of the river also failed to meet the 16°C criterion during the months of July and
September, and the lower river failed to meet the supplemental spawning criterion (13°C) in
early to mid-June. The river did meet the 16°C criterion in late June and from late September to
early August (Figure 27). These predictions were confirmed by the observed data (see
Temperature results section).
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The system potential model was run with upstream flows from a 7Q10 critical low-flow year
(2004) to compare 7-DADMax temperature to TMDL scenarios (Figure 28). The peak 7-
DADMax temperature was reduced by 2°C for the most critical day (8/14/12). However, much
of the river still failed to meet the 16°C criterion during the months of July and August.

Because 2004 flows were more average in June and September, an additional system potential
model run was conducted with flows from 2009 (near 7Q10 flows for these specific months).
Figure 29 depicts this run and shows that although a small portion of the lower river would fail to
meet the 13°C criterion in June, the river would meet the 16°C criterion from September to early
October. The larger improvement in September compared to August is mostly due to the
increased influence of riparian shade later in the year as the angle of the sun becomes lower.

In the case of both the 2004 and 2009 system potential model years, 7-DADMax values in the
river would be reduced below the threshold for acute lethality in moderately acclimated adult and
juvenile salmon of 22°C identified by the water quality standards (WAC 173-201A-
200(2)(c)(vii)(A)).
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Adult/Juvenile Salmonids Acute Lethality

WQ Criteria

Figure 26. Existing 2012 model predicted 7-DADMax temperature compared to WQ criteria.
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Figure 27. System potential model predicted 7-DADMax temperature with 2004 flows.
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Figure 28. System potential model predicted 7-DADMax temperature with 2009 flows.

Loading capacity

EPA’s current regulation defines loading capacity as “the greatest amount of loading that a water
can receive without violating water quality standards” (40 CFR § 130.2(f)). The loading capacity
provides a reference for calculating the amount of pollutant reduction needed to bring water into
compliance with standards. Loading capacities for the Pilchuck River are the solar radiation heat
loads that either allow stream temperatures to stay below the numeric criteria, or else not exceed the
natural condition by more than 0.3°C.

The calibrated QUAL2Kw model and the Shade model were used to estimate the assimilative
load capacity for temperature in the Pilchuck River, which is the basis for the load and wasteload
allocations assigned in this TMDL.

This TMDL uses the modeled system-potential temperature as an approximation of the natural
temperature during critical high air temperatures and low-flow conditions. TMDL load
allocations are supposed to be set for the critical condition in order to be protective of the stream
during the rest of the year. The modeled system-potential condition uses best estimates of
potential mature riparian vegetation and riparian microclimate. The TMDL design condition is
the system-potential condition with “minimized human disturbance”.

The calibrated QUAL2Kw model was used to determine the loading capacity in the Pilchuck
River. Loading capacity was determined based on prediction of water temperatures under low-
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flow (7Q10) and extreme climate (95" percentile) conditions combined with a range of effective
shade conditions.

Ecology evaluated a series of scenarios that are expected to reduce the Pilchuck River water
temperature including:

System potential shade (SPS). This scenario would be provided by 180-ft wide buffers of
system-potential mature (100-year) riparian vegetation along the Pilchuck River.

Microclimate improvements (MC). Increases in vegetation height, density, and riparian
zone width are expected to result in localized decreases in air temperature. To evaluate the
effect of this potential change in microclimate on water temperature, all hourly air
temperatures along the Pilchuck River mainstem were reduced by 2°C based on the summary
of literature presented by Bartholow (2000). Because much of the Pilchuck River is wide
compared to the area of riparian overhang, this may or may not be a valid expected
improvement.

Reduced headwater and tributary temperatures (BC). A scenario was evaluated with the
assumption that the inflowing headwaters and tributaries, or boundary conditions (BC), did
not exceed the water quality numeric criteria of 16°C.

Some baseflow restored (WR). Restored flow based on typical Snohomish water treatment
plant withdrawal and 100% of surface water withdrawal rights. While 100% of surface water
rights are likely not being used, this provides some compensation for the fact that
groundwater withdrawal/impacts were not evaluated. This scenario was included for
informative purposes and was not part of the scenario used to develop allocations.

Figure 30 depicts the longitudinal daily maximum temperature results of these modeling

scenarios for critical June, August, and September conditions. While daily max values are not
equal to 7-DADMax values, they are highly correlated. The results show the river would meet
the applicable 1-day max thresholds identified in the WQ standards of 23°C (acute adult/juvenile
lethality) during August critical conditions and 17.5°C (fish embryo lethality) during September
Chinook spawning.

This TMDL is designed to protect against temperature impairments during the entire critical
season of June through September. While the most critical conditions occur at lower flows
during the period of late July to mid-August, temperature WLAs must be designed to be
protective during other conditions, including summer storms.

The heat loading capacity for this TMDL is dynamic. The daily load capacity is determined by
the allowable heat load over the water quality criteria using the following equation:

Daily Load Capacity (therms/day) = 0.3°C (allowable A) * River Flow * 97.1

Where 97.1 equals a conversion factor to therms/day (therm / (cfs * degC))
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Figure 29. Heat load capacity for the Pilchuck River as a function of river flow.
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Wasteload allocations

Table 21 lists the point source discharges in the Pilchuck River Temperature and DO TMDL

study area that have NPDES permits. [Appcndix H provides a more detailed accounting of

individual permittees within the watershed, including current activity level and potential to

discharge to surface water.

Table 20. Dischargers in the watershed covered by NPDES Permits.

Permit Type Receiving Waterbody Permittee Name Permit #
Municipal NPDES Pilchuck River GRANITE FALLS WWTP WAD021138
Individual permit IP
Trib of Pilchuck Pilchuck Sand & Gravel Inc WAG503379
Groundwater Riverside Sand & Gravel WAG 503086
Facility inactive Granite Falls Quarry L Matheson WAG503085
Groundwater Lake Industries Menzel Lake Gravel WAG503312
Sand and Gravel Unknown Jaxico Real Estate Investment Group LLC | WAG994258
General permit Ditch to Little Pilchuck Thomco Aggregate LLC WAG503027
Pond Premier Pacific Properties, (Island WAG503327
Construction Site & Utilities)
EF Little Pilchuck Concrete Norwest Getchell Pit WAG503166
Pond next to Pilchuck D&D Excavating
River (Marysville Const & Paving Co) WAGS03048
Table 21. Stormwater NPDES permits in the Pilchuck TMDL as of spring 2017.
Stormwater Permit Type x:f:ilvmgl Permittee Name Permit #
Construction general permit Pilchuck Watershed Numerous; transient
Little Pilchuck Central Steel WARO012091
Industrial general permit Little Pilchuck Northwest Aqto Recyclers WAR303981
Pilchuck River OFE Washiglon ILC WAR000752
(NEPA Pallet & Container)
Pilchuck Watershed | Snohomish County- Phase 1 WAR044502
Municipal general permit Pilchuck Watershed | City of Granite Falls- Phase 2 WAR045517
pal g pe Pilchuck Watershed | City of Lake Stevens- Phase 2 | WAR0021130
Pilchuck Watershed City of Snohomish- Phase 2
Transportation general permit | Pilchuck Watershed WSDOT WAR043000

Wasteload allocation for Granite Falls Wastewater Treatment Plant

Discharges to state waters are regulated through permits as part of the NPDES program. A
facility with an NPDES permit is considered a “point source™ of pollution. The Washington
State water quality standards (WAC 173-201A) restrict the amount of warming that point
sources can cause when river or stream temperatures are cooler than the numeric criteria:

Incremental temperature increases resulting from individual point source activities must not,
at any time, exceed 28/(T+7) as measured at the edge of a mixing zone boundary (where "T"
represents the background temperature as measured at a point or points unaffected by the
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discharge and representative of the highest ambient water temperature in the vicinity of the
discharge).

At times and locations where the assigned numeric criteria cannot be attained even under
estimated natural conditions, the state standards hold human warming to a cumulative allowance
for additional warming of 0.3°C above the natural conditions estimated for those locations and
times.

Maximum effluent temperatures should also be no greater than 33°C to avoid creating areas in
the mixing zone that would cause instantaneous lethality to fish and other aquatic life.

The load allocations for the nonpoint sources are considered to be sufficient to attain the water
quality standards by resulting in water temperatures that are equivalent to natural conditions.
Therefore, the standards allow an increase over natural conditions for the point sources for
establishing the wasteload allocations. However, point sources must still be regulated to meet
the incremental warming restrictions established in the standards to protect cool water periods.

Maximum effluent discharge temperature was calculated for the NPDES permit holders in the
Pilchuck River basin. [Effluent temperatures that would increase the river temperature by 0.3°C

were calculated t the edge of the mixing zone. Ecology used a mass balance equation and Commented [PP(184]: I'm confused Are you giving every

provisions in Washington State water quality standard (WQS) which allow mixing zones of up to f”’d’”g’.lacg:n?“’.'h“l cl““d‘m“i vz’y,f':::td? TR

25% by volume of the streamflow. Tables 21 and 22 show the wasteload allocations for these temperatures by 0 3 Even giving all the dischargers together 0 3
does not take NPS into account

dischargers at critical river flows. Appendix F contains extended data tables with effluent

Commented [nNim185R184]: Clarified The important

temperature limits and wasteload allocations for varying effluent and river flows. sifference is - at the edge of the mixing zone”

In Washington State, the months likely to exceed the water temperature criteria are June through
September, with most occurrences in July and August. June and September generally are cooler
but often have a lower aquatic life temperature criterion to be protective of spawning salmonids.
Because streamflow is lower during July and August when stream temperature is at its highest, a
wasteload allocation generated with the flows that correspond to that period is protective of the
aquatic life standard and is appropriate.

The WLAs for this TMDL are dynamic and set as a percentage of the dynamic loading capacity,
as determined by the flow in the river (Figure ?).
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Figure 31. Allocation of heat load capacity.

Dynamic wasteload calculations are determined for the river by the following 5 step process:

1. Determine the dynamic loading capacity as defined by Equation 1 (see Loading Capacity).

2. Calculate the allowable dynamic dilution factor as defined by Equation 2.

3. Calculate the allowable effluent temperature (TNPDES) for the Granite Falls WWTP using
either equation 2 or 3 (depending on date).

4. Determine the WLA (in therms/day) for the Granite Falls WWTP using TNPDES (Step 3).
the effluent flow, and equation 4. Alternately, determine the WLA by multiplying the loading
capacity (step 1) by a 0.2.

5. Determine the remaining WLA for other NPDES permits by multiplying the loading capacity
(step 1) by the percentages in Figure 35.

The Granite Falls WWTP NPDES discharge is assigned a conditional maximum temperature
wasteload allocation, based on maximum allowable effluent temperatures (TnpDES), Pilchuck
river flow, and effluent flow as follows:

The dynamic dilution factor is recalculated daily as:

[Equation 2] Equation to calculate dynamic dilution factor.

Dynamic dilution factor = (0.25 * Downstream flow = 0.85) + (Effluent flow) /
Ef fluent flow
Where:
Downstream flow = the daily average flow in cfs measured at the USGS gage 12155300
Pilchuck River near Snohomish, WA.
Effluent flow = the current daily effluent flow in cfs from Granite Falls WWTP.
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0.85 = Conservative ratio of flow at Granite Falls WWTP outfall compared to flow at
USGS gage 12155300; Pilchuck River near Snohomish, WA

The maximum allowable effluent temperature (Tnroes) is calculated using the dynamic dilution
factor and seasonal temperature criteria:

From June 16 to February 14:
TNPDES = [16°C - 0.3°C] + [dynamic dilution factor] * 0.3°C

From February 15 to June 15:
TNPDES = [13°C - 0.3°C] + [dynamic dilution factor] * 0.3°C

The dynamic wasteload allocation (in therms/day) for the Granite Falls WWTP is determined by
the temperature above the criterion and effluent flow using the following equation:

Daily WLA = {TNPDES - Tcriterion} * ef fluent flow * 97.1
Where:
97.1 equals a conversion factor to therms/day (therm / (cfs * degC))
Teriterion = the applicable water quality criterion in °C
1 therm = 100,000 BTU = 105,506 kilojoules = 25,200 kilocalories = 29,307 Watt/hr

For example, if Tnpoes = 21.5, Teriterion = 16, and effluent flow = 1.2 cfs, then the:

Granite Falls WWTP Daily WLA = (21.5 - 16) * 0.8 * 97.1 = 427 therms/day
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During baseflow 7Q10 conditions very little discharge (5% of 7Q10) from stormwater or other
NPDES permittees is expected or allowed. Table 22 depicts an example of WLA Following the
5 step process identified above for 7Q10 low-flow conditions.

Table 22. Example of wasteload allocations at 7Q10 Flow conditions when criterion is 16°C.

3:;:2;::::: Discharge Load Capacity Pe';?a:t =
C) (cfs) (therms/day) capacity
0.27 4138 1,096 Available 90%
Permittee 0.03 122 MOS 10%
1,218 Total
TNPDES | Tempabove [  EMuent WLA
°c) °c) (efs) 9 (therms/ day)
Granite Falls WWTP 19.4 34 0.78 243 20%
Other NPDES permits 202 42 2.09 853 70%

During a summer storm, the river flow increases due to runoff and the loading capacity changes
(increases). A storm from August 2012, where the river flow increased from baseflow to ~63 cfs,
was evaluated as an example (Table 2). The calculation assumes that 30% of the flow originates
from a permitted source (e.g.. municipal stormwater infrastructure, state highways). Other
NPDES discharges would be expected to discharge stormwater/effluent at 16.7°C to meet the

WLA.

Table 23. Example of wasteload allocations during August storm conditions when criterion is

16°C.
S Discharge Load Capacity iz
Allowance (cfs) (therms/day) load
(°C) s erms/day capacity
0.27 625 1,639 Available
Permittee 0.03 182 MOS 10%
1,821 Total
TNPDES Temp above DIiESfZI:::: - WLA
(°C) (°C) (cfs) (therms/ day)
Granite Falls WWTP 200 40 1* 365 20%
Other NPDES permits 16.7 0.7 18.75 1,273 70%

* For conservative measure, set even higher then max future effluent flow 0.78 cfs, assuming some

infiltration and inflow issues during storms.

Given the more stringent criterion during early June (13°C), a June 2012 storm, where the river
flow increased to ~400 cfs, was also evaluated (Table 3). The calculation again assumes that
30% of the flow originates from a permitted source (e.g., municipal stormwater infrastructure,
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state highways). Other NPDES discharges would be expected to discharge stormwater/effluent at
13.7°C to meet the WLA.

Table 24. Example of wasteload allocations during early June storm conditions when criterion is

13°C.
River Temp Discharge Load Capacity Percent of
Allowance (cfs) (therms/day) load
(°C) Y capacity
0.27 400 10,487 Available
Permittee 0.03 1,165 MOS 10%
11,652 Total
TNPDES | Temp above D'iisfg:::“e WLA
(°C) (°C) (cfs) 9 (therms/ day)
Granite Falls WWTP 285 155 1.64 2,338 20%
Other NPDES permits 137 0.7 120 8,148 70%
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Figure 33 fillustrates the range of effluent temperatures and wasteload allocations expected under

- Commented [13(187]: Figure, not table?

current and future summer low-flow conditions. In general, effluent temperatures would need to
be less than 22.8°C at current effluent flows and less than 19.4°C if flows are doubled in the
future.
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Figure 32.

Figure 34 illustrates the range of effluent temperatures and wasteload allocations expected under
current and future spring supplemental spawning low-flow conditions. In general, effluent
temperatures would need to be less than 17.1°C at current effluent flows and less than 15.0°C if
flows are doubled in the future.
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Figure 33.

iStormwated and general permit wasteload allocations

Wasteload allocations are necessary for permitted stormwater discharges if they are a source of
pollutant loading to the stream when receiving water temperatures are impaired. The Pilchuck

River watershed has permitted stormwater sources discharging into its mainstem and tributaries.

fl'emprature monitoring during June 2012 storms shows that runoff in the Little Pilchuck
watershed does not appear to increase water temperatures and is instead correlated with cooler
temperatures in the stream (Figure 35). Relative to other basins in the Pilchuck watershed, the
Little Pilchuck, which includes much of Lake Stevens, has a larger drainage area and more
development|
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Figure 34. Relationship between June flow peaks (storms) and Little Pilchuck temperatures.

Although thermal loadings from permitted stormwater are of minimal size, all NPDES-permitted

discharges that occur during the TMDL study period must be provided wasteload Pallocatio ! Commented [SR(191]: It would be good to go over the
findings in Appendix H and list in a table the ikelihood of
discharges from the various facilities Perhaps modify table 21

Ecology’s stormwater permits do not authorize discharges that would violate Washington State Commented [SR(192]: Would be good to add some text

surface water quality standards, groundwater quality standards, sediment management standards addressing new discharges at new sites, and transfer of WLAS to
or the human health-based criteria in the national Toxics Rule, as indicated in their permits. mm£°m5‘m EtimEte=

Ecology’s use-based temperature criteria (WAC 173-201A (Table 200(1)(c))) are expressed in 7-
DADMax values. To be both consistent with these temperature criteria and practical (a receiving
water could be affected by multiple stormwater outfalls with wide spatial distribution and
controlled discharge rates), this TMDL expresses cumulative stormwater wasteload allocations
as a 7-day average daily (7-DAD) loading value as measured at the TMDL monitoring points
established in the TMDL study. Although the wasteload allocations incorporate seven daily
values, they are expressed as a daily value and are consistent with the state’s 7-DADMax
criteria.

Appropriate BMPs required through stormwater permits for controlling pollutant loadings to
surface waters are applied to each stormwater discharge to protect designated aquatic life uses.
Ecology anticipates that there will be no additional TMDL-required conditions in stormwater
permits, and compliance with the permit constitutes compliance with the goals of the TMDL. This
TMDL does not contain any additional TMDL-related actions for stormwater permittees.
Stormwater discharges may be considered for mixing zones as specified in WAC 173-201A-400,
which should be applied in conjunction with the wasteload allocation in the previous paragraphs.
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Load allocations

Load allocations (for nonpoint sources) and wasteload allocations (for point sources) are
established in this TMDL to meet both the numeric threshold criteria and the allowances for
human warming under conditions that are naturally warmer than those criteria.

Since it is predicted that system potential temperatures would not meet numeric water quality
standards during the hottest period of the year throughout the Pilchuck River basin, there is a
widespread need to achieve maximum protection from direct solar radiation. While all
tributaries should also have system potential vegetation to ensure water quality standards are met
for those streams, the lower two miles of each tributary are particularly important to the Pilchuck
River achieving water quality standards.

The load allocation for the mainstem Pilchuck River below Menzel Lake Rd, and the two miles
of each study area tributary nearest its mouth, is the potential shade that would occur from
system potential mature riparian vegetation. System-potential mature riparian vegetation is
defined as that native vegetation which can grow and reproduce on a site, given: climate,
elevation, soil properties, plant biology, and hydrologic processes.

Because of the inherent uncertainties in estimating system potential shade, the 0.3°C that would
normally be assigned to human sources is retained as a margin of safety and/or assigned to the
stormwater and wastewater discharge point sources.

Load allocations for effective shade are quantified in Appendix F for the Pilchuck River and for
the lower two miles of each tributary in the watershed. The load allocations are based on the
estimated relationship between shade, channel width, and stream aspect at the maximum riparian
vegetation condition (shown in Figure 36). The importance of shade decreases as the width of
the channel increases.

Figure 37 presents predicted system potential and current effective shade on the Pilchuck River.
Figure 38 shows the shade deficit, or difference between system potential and current shade, for
the Pilchuck River within the study area.

The load allocations are expected to result in water temperatures that are equivalent to the
temperatures that would occur under natural shade conditions. Because anthropogenic changes
to stream temperature can result from causes other than the removal of shade, the
implementation plan for this TMDL also includes a variety of measures to address channel
structure, hyporheic flow, and other factors. Implementation of these measures, as well as
system potential vegetation, will help ensure that water temperatures will approach natural
conditions.
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Figure 35. Effective shade vs bankfull width for system potential vegetation in the Pilchuck River.
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Figure 36. System potential shade on the Pilchuck River for August 15.
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Figure 37. Shade deficit (system potential shade minus existing shade) for the Pilchuck River.
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Seasonal variation

CWA section 303(d)(1) requires that TMDLs “be established at the level necessary to implement
the applicable water quality standards with seasonal variations.” The current regulation also
states that determination of “TMDLs shall take into account critical conditions for streamflow,
loading, and water quality parameters” [40 CFR 130.7(c)(2)]. Finally, section 303(d)(1)(D)
suggests consideration of normal conditions, flows, and dissipative capacity.

The Pilchuck River Basin experiences seasonal variation with cooler temperatures occurring in
the winter and warmer temperatures in the summer. The highest temperatures typically occur
from mid-July through late-August. However, a more stringent criteria applies from February 15
to June 15 (13) and critical chinook spawning typically occurs in the month of September, when
flows are at their lowest. For this reason, the critical season is defined as June 1 to September 30
to cover these shoulder season conditions. This time frame is used as the critical period for
development of the TMDL.

Seasonal estimates for streamflow, solar flux, and climatic variables for the TMDL are taken into
account to develop critical conditions for the TMDL model. The model was calibrated to a date
from a period of June 7 to October 9 2012, which captured the warmest time of year and critical
periods for both core summer salmonid and supplemental spawning. The study year (2012)
ranked in the 95" percentile for air temperatures. The calibrated model was modified to
represent critical stream flows (i.e., lowest 7-day average flows with 10-year recurrence interval
or 7Q10) in order to develop load and wasteload allocations.

Load allocations from the summer model runs resulted in requiring the maximum riparian
protection to the stream. The dynamic model confirmed that allocations would be protective
throughout the summer season and during the hottest part of the supplemental spawning period.
For point sources seasonal variation is taken into account, as described in the Wasteload
Allocation section, through the use of dynamic wasteload allocations.

Reserve capacity for future growth

Given that temperatures exceed criteria, even under system potential conditions, there is very
small capacity for future growth. However, future growth may occur under one of two
conditions:

1. The temperature discharge occurs at or below the water quality criteria. None of the
0.3°C allowance is allocated to future growth, as it is already allocated to existing sources
and margin of safety.

a. Daily allocation for future growth in therms/day:
Allocationsyyre growth = Terie X @ X 97.1
Where

T, i+ = The applicable temperature criterion
Q = future discharge in cubic feet per second
97.1 = conversion factor to transform the units to therms/day
2. By replacing a permitted heat load source that was assigned an allocation in this TMDL.
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Margin of safety

The margin of safety accounts for uncertainty about the pollutant loading and water-body
response and must be included in all TMDLSs to ensure water quality standards are met, despite
these uncertainties. In this TMDL, the margin of safety is addressed in two ways.

Implicit

The 95th percentile of the highest 7-day averages of daily maximum air temperatures for
each year of record at the Monroe and NCDC Summary of the Day Station WA457507 was
combined with the lowest 7-day average flows with recurrence intervals of 10 years (7Q10)
to represents a reasonable worst-case condition for prediction of water temperatures in the
Pilchuck River watershed. The combination represents a recurrence interval of > 10 years.

The lowest 7-day average annual flows with recurrence intervals of 10 years (7Q10) were
used to evaluate reasonable worst-case conditions for discharge of point source effluent.

The 7Q10 used to calculate temperature wasteload allocations for the Granite Falls WWTP
was scaled down by a factor of 0.85 from the downstream USGS gage. This factor is
conservative given that the two low-flow measurements available to compare these locations
had ratios of 0.86 and 0.95.

The daily maximum values are used to set the TNPDES and WLA values for point sources.
Daily maximum values are biased high compared to the 7-DADmax values set in the water
quality standards.

Model uncertainty assessment for prediction of water temperature in existing conditions
compared to system potential conditions revealed a variance between scenarios of 0.16°C
root mean square error (RMSE). This is less than the 0.3°C allowable change from natural
conditions.

Model bias evaluation shows no evidence of systematic over- or under-prediction of
temperature. There also is no evidence of a trend in error over the length of the river.

Temperature load allocations are set to the effective shade provided by 100-year-old riparian
vegetation.

Implementation will include additional measures beyond riparian shade that should
contribute to lower stream temperatures, such as instream structures creating pools that
connect with hyporheic flow, and wetland restoration creating improved groundwater
connection.

Explicit

10% of the temperature load capacity is set aside as an explicit margin of safety.
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Conclusions and model findings

Under the current riparian status, the Pilchuck River maximum water temperature is expected
to average 22.1°C and in some locations to exceed the 23°C lethal threshold to salmonids
during critical low-flow (7Q10) and 90™ percentile climate conditions.

A buffer of mature riparian vegetation along the banks of the Pilchuck River is expected to
decrease the average daily maximum temperature. For the critical low-flow scenario, the
daily maximum temperature across the stream length could be decreased by about 0.9°C
(1.6°F) compared to current conditions.

The changes in microclimate associated with mature riparian vegetation could further lower
the daily average maximum water temperature by about 0.2°C.

If restoration activities in the tributaries and headwater result in waters that meet the numeric
temperature standards, a further reduction of 0.7°C is expected.

With all management scenarios in place, temperatures are expected to remain significantly
below the lethal threshold, averaging 20.3°C during critical conditions. These temperatures
are still above the numeric water quality criteria.

With all management scenarios in place, the overall decrease in the average maximum stream
temperature for the simulated critical condition was 1.8°C for 8/5/12. While the river would
still reach temperatures in late July or August above the maximum values established in the
numeric water quality criteria, the cooling will be significant for the designated beneficial
uses of these waterbodies.

With all management scenarios in place, the overall decrease in the average maximum stream
temperature for the simulated supplemental spawning was 1.2°C (6/13/12) and September
condition was 1.9 °C (9/1/12). With these reductions the river would remain below the fish
embryo lethality threshold (17.5 °C) and meet the respective 7-DADMax criteria (13 and 16
°C) in almost all of the river, with the exception of the lowest reaches.

Overall, Ecology found the study data to be of acceptable quality and useable based on
Ecology’s credible data policy and the study objectives.

The summer of 2012 exhibited warmer than average air temperatures (95" percentile for
7 day average max) and relatively average river low-flow levels.

The 7-day average daily max temperatures during 2012 did not meet (are above) water
quality criteria at all sites monitored in the watershed, including the upstream boundary and
tributaries. The steepest increase in longitudinal temperature on the river occurred at the
upstream end of the study area between Menzel Lake Rd (~RM 25) and Robe Menzel Rd
(~RM 21), ~2.7 °C over ~4 river miles.

Significant groundwater discharge to the Pilchuck River was inferred from results of flow
balance surveys and was observed in the field, primarily as diffuse seepage from banks,
particularly where the river channel intersected the contact of the glacial till with the
overlying sediments.
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Hyporheic flow of river water through bottom sediments and gravel bars was observed
throughout the study area. The estimated amount of hyporheic flow in the Pilchuck River is
predicted to be a significant mitigating factor for temperature.

The primary source of heat loading is direct solar shortwave radiation. Shade from riparian
vegetation is the largest mitigating factor for reducing stream temperatures.

Recommendations

Increasing shading to the lower half of the Pilchuck River (~RM 0 to 12) should be the top
priority. These improvements are particularly important for avoiding the lethal threshold (23
°C) at peak temperatures and the fish embryo lethality threshold (17.5 °C) during the critical
Chinook spawning month of September.

Increasing riparian shade along the rest of the river is also very important for improving
thermal habitat and avoiding lethal conditions for fish.

Riparian restoration of tributaries that are high value for salmonid use should also be a
priority. It is often easier and faster to establish vegetation to shade narrower tributary
streams.

Hyporheic exchange flows and groundwater discharges are important in maintaining the

current temperature regime and reducing maximum daily instream temperatures.

o Factors that influence hyporheic exchange flow include the vertical hydraulic gradient
between surface and subsurface waters as well as the hydraulic conductivity of streambed
sediments.

o Activities that reduce the hydraulic conductivity of streambed sediments could increase
stream temperatures.

o Management activities should reduce upland and channel erosion and avoid
sedimentation of fine materials in the stream substrate.

Protecting and restoring channel structure and habitat features at or near cold water refuges is
necessary to provide thermal relief during peak summer temperatures.

Load and wasteload allocations are needed for municipal stormwater, WSDOT stormwater,
general stormwater permit holders, tributaries, and other nonpoint sources. These load and
wasteload allocations will prevent temperature impairments throughout the Pilchuck River.

Establish/continue long-term temperature monitoring in the Pilchuck River to track trends
over time.

Confirm cooling trend between the Granite Falls WWTP facility and outfall to the Pilchuck
River with continuous temperature monitoring.

Quantify hyporheic flow fraction, depth, and thermal properties to understand impact of
hyporheic restoration over multiple scales.

Preserve/restore groundwater baseflow, off channel wetlands, and areas with hyporheic
function. These features are important for mitigating high instream temperatures.
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Dissolved Oxygen TMDL Analysis and
Allocations

System potential conditions

The calibrated QUAL2Kw model was used to estimate the pH that would be expected to occur under
system potential conditions. System potential conditions are conditions that do not include human
modifications to riparian vegetation, or anthropogenic nutrient sources. The system potential
condition also serves as an estimate of natural conditions.

To estimate system potential DO conditions, the QUAL2Kw model was modified in the following
ways:

o Point source effluent discharges were removed from the simulation.
e Shade inputs were changed to reflect system potential riparian vegetation.

e The upstream end of the model domain and tributary boundary conditions were modified to
reflect estimated system potential temperature, DO, pH, and nutrient loads.

o Groundwater phosphorus concentrations were set at 25" percentile of the study results
(6.4 ug/L SRP); groundwater ultimate BOD was left at estimated 2012 levels to represent
wetland/forest carbon loading.

Complete documentation of the model inputs and values used can be found in Appendix E under
the heading “System Potential Conditions Model Inputs.”

It was not possible to accurately include all human modifications to the river system in the
model. Some known or suspected human modifications were omitted, including changes to
groundwater/hyporheic flow and nutrient spiraling/loading from system potential salmon runs.
Analysis of these factors is outside the scope of this study and represent very complex
environmental processes that would be difficult to estimate within a reasonable level of certainty.

System potential conditions were simulated continuously for the time period from June 7th to
October 9th. Figures 32-33 present the simulation results for system potential conditions. This
period captures the most critical conditions during the year for DO, including low flow, high
temperatures, and maximum accrued periphyton biomass.

Compliance with standards

During the 2012 study year, the model predicted that the entire river would fail to meet the 1-day
minimum DO criterion for Core Summer Salmonid Habitat (9.5 mg/L) during the month of
August. Much of the river is predicted to fail to meet the 9.5 mg/L criterion during the months
of July and September. The lower river is predicted to fail to meet the criterion in June, however
no DO data was collected during June to confirm this, so these predictions carry greater
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uncertainty. The lower river was also predicted to fall low enough to not meet the lesser
beneficial use of Spawning, Rearing, and Migration, criterion of 8 mg/L in August (Figure 31).

The system potential model was run with upstream flows from a 7Q10 critical low-flow year
(2004) to compare minimum DO to TMDL scenarios (Figure 32). The minimum DO was
increased by 0.6 mg/L for the most critical day (8/5/12). However, much of the river still failed
to meet the 9.5 mg/L criterion during the months of July and August.

As with temperature, because 2004 flows were closer to average in June and September, an
additional system potential model run was conducted with flows from 2009 (near 7Q10 flows for
these specific months). Figure 33 depicts this run and shows that most of the river would likely
meet the 9.5 mg/L criterion from September to early October.
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Figure 38. Existing 2012 model predicted daily minimum DO compared to WQ criteria.
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Figure 39. System potential model predicted daily minimum DO with 2004 flows.
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Figure 40. System potential model predicted daily minimum DO with 2009 flows.

Loading capacity

The loading capacity of a river system is defined as the amount of a pollutant that can be added to the
river without causing an exceedance of the water quality standards. Because DO is predicted to
exceed the numeric criteria during the critical season even under system potential conditions, the
loading capacity for DO in this TMDL is based on ensuring that the total human impact does not
exceed 0.2 mg/L change to DO.

The calibrated QUAL2Kw model was used to estimate the assimilative load capacity for
phosphorus and BOD in the Pilchuck River, which is the basis for the load and wasteload
allocations assigned in this TMDL. For phosphorus, the allocations are provided in SRP and not
total phosphorus. The basis for using SRP in this TMDL is:

1. Travel times are relatively fast in the system (<1.5 days) and the calibrated hydrolysis
rate of organic/particulate phosphorus appears to be relatively slow (10%/day). This
results in relatively little particulate phosphorus being converted to SRP in the river.
In the TMDL model the river is at ~2 ug/L of organic phosphorus downstream of the
treatment plant, which means <0.3 ug/L of SRP are added diffusely over the course of
~19 river miles.

2. The WWTP effluent (primary source of P loading) contained almost entirely SRP,
with very little organic phosphorus in the samples analyzed.

3. The TMDL model is conservative in that it assumes ~30% particulate P, even though
sample results have been much less with current treatment
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4. A sensitivity analysis (see table and graph below) shows that:
a. DO in the river is not impacted by an increase in organic P and total P from
the WWTP (with SRP held constant).

b. DO is significantly impacted by an increase in SRP from the WWTP (with TP
held constant).

Table 25. Phosphorus concentrations for SRP vs total P sensitivity analysis.

In the TMDL model the WWTP is set as:

60 ug/L OrgP

125 ug/L SRP

185 ug/L TP

For the high TP scenario (a) the WWTP is set as:
120 ug/L OrgP

125 ug/L SRP

245 ug/L TP

For the high SRP scenario (b) the WWTP is set as:
0 ug/L OrgP

185 ug/L SRP

185 ug/L TP

Figure 41. Plot showing sensitivity of DO in the TMDL model to increases in total P and SRP from
the WWTP.
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The Pilchuck River typically has low concentrations of SRP during the critical period. Because DO
and pH are tied to algal productivity, and because productivity is limited by SRP availability, any
input of SRP will likely have an impact on DO and pH.

To protect DO, loading capacities have been evaluated for biochemical oxygen demand (BOD) as
well as for soluble reactive phosphorus (SRP). The load capacities for both BOD and SRP rely on
the loading of the other. In the Pilchuck River model, SRP loading has a greater impact on DO
compared to BOD, so the load capacity for the purposes of the TMDL is set as the existing BOD
loading and a reduction in SRP loading to meet WQ standards (Figure 34).
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Figure 42. Longitudinal DO profile illustrating loading capacity and maximum allowable loading
from the Granite Falls WWTP plant.

The loading capacity for this TMDL was evaluated within the critical conditions model based on
WWTP reductions needed to meet the 0.2 criterion and existing and potential discharges from
point and nonpoint sources. Two estimates of loading capacity were derived from this analysis:

1. Daily SRP load capacity at baseflow (<75 cfs) of ~2.6 Ibs SRP/day.
2. Seasonal SRP load capacity from June 1 to September 30 of ~1,811 Ibs SRP/season.

The details of how these loading capacities were derived are described in further detail in the
allocations section of the report.
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Wasteload allocations

Table 24 lists the discharges in the Pilchuck River Temperature and DO TMDL study area that
have National Pollutant Discharge Elimination System (NPDES) permits. Appendix H provides
a more detailed accounting of individual permittees within the watershed, including current
activity level and potential to discharge to surface water.

Table 26. [Dischargers in the watershed covered by NPDES Permits.|

Commented [SR(193]: Just making a note right now to revisit

The primary point source of nutrient loading to the Pilchuck River is the Granite Falls WWTP,
which is the only constant permitted discharge. The WWTP commonly discharges nitrogen and
phosphorus levels greater than 100x the concentration in the river, although the current summer
effluent flow levels are relatively small (less than 1 cfs).

Because the DO impact of nutrient loading dissipates downstream of the source, the loading
capacity in the Pilchuck River TMDL can be assigned to successive sources on downstream
segments of the river without impairing DO. Table 25 and Figure 40 describe and illustrate the
loading segments used in the TMDL.

In the case of the Granite Falls WWTP, the impact of phosphorus and BOD loading dissipates
fairly gradually, meaning the available loading capacity increases gradually, the further you
move downstream from the point of greatest impact (Figure 39).
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Pilchuck River Granite Falls WWTP WA0021130 Municipal NPDES IP
Pilchuck Watershed Numerous; transient Construction SW GP
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Pilchuck River (Nggi ‘l’,";fe*;'ggg’(;‘ngﬁger) WAR000752 |  Industrial SW GP
Pilchuck Watershed Snohomish County- Phase 1 WAR044502 Municipal SW
Pilchuck Watershed City of Granite Falls- Phase 2 WAR045517 Municipal SW
Pilchuck Watershed City of Lake Stevens- Phase 2 WAR0021130 Municipal SW
Pilchuck Watershed City of Snohomish- Phase 2 Municipal SW
Pilchuck Watershed WSDOT WARO043000 | Transportation SW GP
Trib of Pilchuck? Pilchuck Sand & Gravel Inc WAG503379 Sand and Gravel GP
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EF Little Pilchuck Concrete Norwest Getchell Pit WAG503166 Sand and Gravel GP
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The loading capacity for each downstream section is partially “renewed” and can then be
assigned to existing or potential sources, such as a facility, permit category, or tributary.
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Figure 43. Example of impact to DO below Granite Falls WWTP at specific loading scenario.

Table 27. Load allocation segmentation of the Pilchuck River used for this TMDL.

Reach Name Upstream Downstream D_ova{nstream .
end of reach end of reach Description/ Location
Menzel 42 km (Menzel Lake Rd) 35.5km Robe Menzel Rd; PIL21.5
Granite Falls 35.5 km 31.8km Granite Falls WWTP outfall
SR 92 31.8 km 24.8 km 64" St NE
Lochsloy 24.8 km 19.5 km 28" PINE
Russell Rd 19.5 km 14 km Upstream of Little Pilchuck confluence
Little Pilchuck Entire basin Entire basin Confluence with Pilchuck
Dubuque Creek Entire basin Entire basin Confluence with Pilchuck
Machias 19.5 km 10 km Dubuque Rd
Three Lakes 10 km 6.6 km Three Lakes Rd
Snohomish 6.6 km 2 km Pilchuck Recreation Area
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Figure 44. TMDL allocation segmentation within the Pilchuck River watershed.
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This TMDL assigns daily phosphorus wasteload allocations, in Ibs SRP/day, during summer
baseflow conditions (river flow of less than 75 cfs). These daily allocations were designed using
the following process:

1. Leave the Granite Falls WWTP BOD loading at current permit levels.

2. Set the Granite Falls WWTP phosphorus at loading that causes no greater than 0.2 mg/L
change to downstream DO levels in the Pilchuck River.

3. Set stormwater and general permit WLAs upstream of Granite Falls WWTP at very low or
zero loading so as not to increase cumulative impact near WWTP.

4. Allocate “renewed” loading capacity to downstream segments based on size of drainage area
and distance downstream from WWTP outfall.

5. Within each segment the “renewed” loading capacity is allocated to the municipal
stormwater permittees, based on the size of drainage area.

The “renewed” baseflow capacity is allocated to the municipal stormwater permittees to allow
for stormwater infrastructure that discharges at baseflow, in between runoff events. In some
situations, infiltrated or treated stormwater can be discharged gradually or in batches via a pump
station or other control structure. These types of discharges can add cooler baseflow to the river,
depending on storage method and retention time. Since a steady increase in baseflow and
decrease in temperature is beneficial to aquatic life, some phosphorus allocation is provided to
allow for this option, assuming the temperature WLAs outlined in this TMDL are also met.

The TMDL does not set a daily phosphorus load limit for permitted sources when river flows are
greater than 75 cfs; given that flow conditions, runoff loading, and daily load capacity are
dynamic under these conditions. To account for dynamic conditions and impacts over the season,
the TMDL also allocates seasonal phosphorus allocations, in Ibs SRP/season. The seasonal
WLASs limit the amount of algae growth over the course of the season due to phosphorus uptake
during both baseflow and storm events.

The dynamic 124 day QUAL2Kw model of the Pilchuck River allows for analysis of the impact
of variable phosphorus loading over the course of the summer. For phosphorus, both the daily
and seasonal allocations only apply during the critical season from June 1 to September 30 (see
Seasonal Variation).

Table 26 includes both daily baseflow and seasonal phosphorus wasteload allocations for all
individual and general NPDES permits within the TMDL study area. Because construction
stormwater, industrial stormwater, and sand and gravel general permits can be short term for an
individual permittee (construction is completed or facility becomes inactive), one aggregate
wasteload allocation is assigned to each general permit, and not to individual
facilities/permittees. Figure 41 shows the division of wasteload allocations by permit and reach.

Although the Granite Falls WWTP is assigned a daily and seasonal WLA, it is recommended
that only a seasonal limit be included in the permit. Operationally there is considerable
variability in advanced treatment nutrient concentrations due to factors such as sludge age,
chemical dosing rates, etec. and daily limits are not practical to implement unless set at some high
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value (say 95% of performance). However these high daily limits are less meaningful in the
context of impacts to the river, as the effects of nutrient loading to periphyton growth accumulate
over the course of weeks and therefore monthly or seasonal limits are more appropriate.

Table 28. Daily (baseflow only) and seasonal point source wasteload allocations for SRP in the
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Seasonal WLA (Ibs SRP/season); Season = June 1 to September 30
Menzel * 50.40 * * * n/a 28 28 0 0 56
Granite Falls | * 2886 | 259 = o 185 | 185 | 185 0 0 37
SR 92 79 | 3600 | 72 * * 72 72 72 0 0 144
Lochsloy = 19.35 = = e 025 | 200 | 200 | 025 | 200 | 258
Russell Rd * 12.75 * * * n/a 075 | 075 0 075 | 15
Little Pilchuck | * 157.8 = 27.84 e 148 | 148 | 148 | 25 | 148 | 248
Dubuque Ck | * 76.64 * * * * 575 | 575 | 192 | 575 | 958
Machias = 269 = 0.34 e = 20 20 07 | 20 34
Three Lakes | * 91.35 * 945 | 315 84 84 84 14 84 | 140
Snohomish = 102.0 = n/a 10 = 8 8 3 8 140
Total 79 602 10 38 13 33 54 54 10 42 | 935
Daily WLA at baseflow of <75 cfs (Ilbs SRP/day); only applies from June 1 to September 30
Menzel *1 0.022 * * * * 0 0 0 0| 002
Granite Falls *| 0.014 | 0.001 * * 0 0 0 0 0| 0.02
SR 92 065 0.010| 0.01 * * 0 0 0 0 0| 067
Lochsloy *| 0.022 * * * 0 0 0 0 0| 002
Russell Rd *1 0.013 * * * * 0 0 0 0| 001
Little Pilchuck *| 0176 *| 0.031 * 0 0 0 0 0| 021
Dubuque Ck *1 0.080 * * * * 0 0 0 0| 008
Machias *| 0280 * 0 * * 0 0 0 0| 0.28
Three Lakes *1 0.160 * 0 0 0 0| 0.16
Snohomish *| 0.140 * *| 002 * 0 0 0 0| 0.16
Total 065| 092]| 0.01( 003| 0.02| 000| 0.00| 0.00/ 000 0.00| 1.63

*no potential to discharge in this reach
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Baseflow Daily WLA by reach
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Figure 45. Pie charts depicting division of WLA by permits and reach)
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Load allocations

Nonpoint sources of phosphorus in the Pilchuck watershed are assigned a load allocation, based
on available loading capacity of the stream and taking into account wasteload allocations for
point sources. The upper watershed of the Pilchuck River is primarily undeveloped and forested.
Summer flows in the river come from a combination of rainwater and groundwater, which are
typically low in phosphorus. 2012 study results at the upper watershed study boundary had an

average of 8 ng/L SRP. In the Pilchuck River, observed surface and groundwater phosphorus
concentrations were typically low (~10 ug//L SRP) and assumed to be only slightly elevated
above undisturbed conditions.

Given that the loading capacity is Ivery limited upstream and immediately below the WWTP, the
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TMDL designates a 25% reduction in nonpoint phosphorus sources within these reaches. Below
the Lochsloy reach, loading capacity is sufficient to allow for current estimated nonpoint
phosphorus loading levels.

However, future nonpoint loading within these reaches must not increase phosphorus loading
above the load allocations assigned in Table 27.

Table 29. Load allocations for nonpoint phosphorus sources in the Pilchuck TMDL study area.
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2 - - LA Seasonal
Reach Name Appllc??;;lxgprzl:‘t‘eslources :e‘::ﬁ;;::‘ baseflow LA
(Ibs/day) | (Ibs SRP)
Menzel Groundwater (GW) 25% 0.08 63.0
Granite Falls GW; Four Minor Tribs; T19.3 25% 0.15 88.0
SR 92 GW,; Gardner Lake Trb; KHF trb; T15.3 25% 0.13 98.2
Lochsloy GW; Connor Lake Trb; T14.6 T11.5 25% 0.08 64.5
Russell Rd GW,; T10.7 None 0.09 711
Little Pilchuck | Little Pilchuck Creek None 0.15 2521
Dubuque Ck Dubuque Creek None 0.02 37.2
Machias T7.9,T7.3 None 0.11 848
Three Lakes Scott Creek; T6 None 0.06 51.0
Snohomish Golf course and Bunk Foss Creek None 0.08 66.5
Total =

In addition to phosphorus load allocations, full mature system potential shade is needed to
improve DO. Thus the load allocations developed in the Temperature section of this TMDL also
apply to the DO TMDL.

Seasonal variation

CWA section 303(d)(1) requires that TMDLs “be established at the level necessary to implement
the applicable water quality standards with seasonal variations.” The current regulation also
states that determination of “TMDLs shall take into account critical conditions for streamflow,
loading, and water quality parameters™ [40 CFR 130.7(c)(2)]. Finally, section 303(d)(1)(D)
suggests consideration of normal conditions, flows, and dissipative capacity.
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The Pilchuck River Basin experiences seasonal variation that impacts DO levels. In the winter,
DO levels are significantly higher as the cooler water can hold more oxygen, more upstream
flow allows for a greater loading capacity of phosphorus, and deeper water coupled with weaker
solar radiation leads to very little periphyton growth. In the summer, warm water holds less
oxygen, flow is low and loading capacity reduced, and shallow water coupled with peak solar
radiation can lead to rapid periphyton growth.

The combination of lowest flows and highest temperatures typically occurs in July and August.
However spawning can occur in the months of June and September and these months can
sometimes have lower flows and higher temperatures. For this reason, the critical season is
defined as June 1 to September 30 to cover these shoulder season conditions. This time frame is
used as the critical period for development of the TMDL.

Seasonal estimates for streamflow, solar flux, and climatic variables for the TMDL are taken into
account to develop critical conditions for the TMDL model. The model was calibrated for a
period of June 7 to October 9 2012, which captured the warmest time of year, lowest flows, and
lowest DO. The study year (2012) ranked in the 95" percentile for air temperatures. The
calibrated model was modified to represent critical stream flows (i.e., lowest 7-day average flows
with 10-year recurrence interval or 7Q10) in order to develop load and wasteload allocations.

Reserve capacity for future growth

Given that DO levels are below criteria, even under system potential conditions, there is a very
small capacity for future growth. However, future growth may occur under one of two
conditions:

1. By replacing a phosphorus load source that was assigned an allocation in this TMDL.

2. The TMDL includes some reserve for individual discharge permits, provided there is no
discharge of phosphorus to Pilchuck River at baseflow (< 75 cfs) and cumulative phosphorus
loading from June 1 to September 30 is less than the seasonal wasteload allocation outlined
in Table 26.

Margin of safety

The margin of safety accounts for uncertainty about the pollutant loading and water-body
response and must be included in all TMDLs to ensure water quality standards are met, despite
these uncertainties. In this TMDL, the margin of safety is addressed in two ways.

Implicit

e The 95th percentile of the highest 7-day averages of daily maximum air temperatures for
each year of record at the Monroe and NCDC Summary of the Day Station WA457507 was
combined with the lowest 7-day average flows with recurrence intervals of 10 years (7Q10)
to represents a reasonable worst-case condition for prediction of DO in the Pilchuck River
watershed. The combination represents a recurrence interval of > 10 years.
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The lowest 7-day average annual flows with recurrence intervals of 10 years (7Q10) were
used to evaluate reasonable worst-case conditions for discharge of point source effluent.

The 7Q10 used to calculate DO wasteload allocations for the Granite Falls WWTP was
scaled down by a factor of 0.85 from the downstream USGS gage. This factor is conservative
given that the two low-flow measurements available to compare these locations had ratios of
0.86 and 0.95.

Model uncertainty assessment for prediction of DO in existing conditions compared to
system potential conditions revealed a variance between scenarios of 0.08 mg/L root mean
square error (RMSE). This is less than the 0.2 mg/L allowable change from natural
conditions.

Model bias evaluation shows no evidence of systematic over- or under-prediction of DO.
There also is no evidence of a trend in error over the length of the river.

The calibrated model slightly over predicts phosphorus uptake downstream of the WWTP
and thus slightly under predicts phosphorus loading capacity.

Explicit

Currently no explicit MOS, could add one.

Conclusions and model findings

DO in the Pilchuck River is sensitive to soluble reactive phosphorus (SRP). Small inputs of SRP
can have significant impacts to DO.

The SRP discharged by the Granite Falls WWTP has an impact of up to 0.75 mg/L on daily
minimum DO in the downstream reaches of the river.

The shade produced by system-potential mature riparian vegetation is expected to improve daily
minimum DO values by up to 0.55 mg/L.

Background dissolved nutrient concentrations are relatively low in the river (<10 ug/L
orthophosphate; <100 ug/L dissolved inorganic nitrogen).

The analysis of N:P ratios indicate that the limiting nutrient for primary productivity in the
river is likely inorganic phosphorus in the water.

The Granite Falls WWTP was the primary source of phosphorus loading within the study
area.

Results of stream metabolism analysis suggest the river is likely a net heterotrophic system,
with significant oxygen demand likely coming from organisms that do not obtain food from
sunlight.

Overall, Ecology found the study data to be of acceptable quality and useable based on
Ecology’s credible data policy and the study objectives

DO daily minimums do not meet (are below) the water quality criterion of 9.5 mg/L for all
sites monitored in the watershed.

The results of modeled daily DO levels and changes show:
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o Warm stream temperatures, periphyton (attached bottom algae) respiration and
hyporheic sediment oxygen demand (driven by nutrient inputs to the hyporheic zone)
are the primary factors decreasing DO minimums.

o Phytoplankton (floating algae) photosynthesis/respiration, biochemical oxygen
demand in the water column, and nitrification are all predicted to have a negligible
effect on DO levels.

Recommendations

e Load and wasteload allocations are needed for WSDOT stormwater, general stormwater permit
holders, tributaries, and other nonpoint sources. These load and wasteload allocations will
prevent DO impairments throughout the Pilchuck River.

e Wasteload allocations for the Granite Falls WWTP are needed to control SRP and biochemical
oxygen demand from June through September. These wasteload allocations are expected to

eliminate the largest negative impacts to DO that are observed in the river downstream of the
Granite Falls WWTP outfall.

e Full implementation of the temperature allocations in this TMDL are necessary to reach the
maximum improvement for DO concentrations.

e Quantify dissolved organic carbon or carbonaceous BOD loading from groundwater, small
tributaries, and off stream wetlands and lakes.
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Reasonable Assurance

{WQP lead writes this section.

This section is required only if compliance with water quality standards will require pollutant
reductions by both point and nonpoint sources. The purpose is to explain why we believe the
nonpoint reductions will occur so it will not be necessary to place the entire burden on point
sources.}

When establishing a TMDL, reductions of a particular pollutant are allocated among the
pollutant sources (both point and nonpoint sources) in the water body. For the water-body name
and pollutant(s) TMDL, both point and nonpoint sources exist. TMDL projects (and related
implementation plans) must show “reasonable assurance” that these sources will be reduced to
their allocated amount. Education; outreach; technical and financial assistance; permit
administration; and enforcement will all be used to ensure that the goals of this TMDL project
are met.

Ecology believes that the following activities already support this TMDL project and add to the
assurance that pollutant in the water-body name will meet conditions provided by Washington
State water quality standards. This assumes that the activities described below are continued and
maintained.

The goal of the water-body name Water Quality Improvement Report for pollutant is to help the
waters of the basin meet the state’s water quality standards. Describe local participation, such
as: There is considerable interest and local involvement toward resolving the water quality
problems in the water-body name. Numerous organizations and agencies are already engaged in
stream restoration and source correction actions that will help resolve the parameter(s) problem.
The following rationale helps provide reasonable assurance that the water-body name nonpoint
source TMDL goals will be met by target date.

{EPA requires some assurances that TMDL implementation measures will actually occur. To
that end, responsible parties, regulatory authorities, detailed implementation measures and
schedules, and funding mechanisms must be identified. To provide this assurance, include
specific details of the people, actions, timelines, and funding to accomplish the stated goals here.
For each major stakeholder, evaluate and detail the following types of activities underway or
planned to reduce the contribution of nonpoint pollutants:

1. Describe ongoing nonpoint source control e.g. riparian restoration projects, nonpoint
stormwater best management practices (BMPs).

2. Discuss efforts aimed at increasing awareness through educational efforts, for example,
conservation district outreach, pamphlets, mailers, and workshops.

3. Describe technical assistance, available funding, and other voluntary efforts, for example,
local surface water management programs, grant and loan programs.

4. Describe water quality monitoring to provide feedback for adaptive management of source
control activities.
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5. Describe the legal authority that governments at various levels hold over the polluting
activities for example, ordinances and property tax reductions for conservation set-asides.}

XX

While Ecology is authorized under Chapter 90.48 RCW to impose strict requirements or issue
enforcement actions to achieve compliance with state water quality standards, it is the goal of all
participants in the water-body name TMDL process to achieve clean water through cooperative
efforts.

{Discuss role of adaptive management in fine tuning expectations over time.}

XX
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Implementation Plan

{WQP lead writes this section.}

Introduction

{Include the following paragraphs:}

This implementation plan was developed jointly by Ecology and interested and responsible
parties. It describes what will be done to improve water quality. It explains the roles and
authorities of cleanup partners (those organizations with jurisdiction, authority, or direct
responsibility for cleanup), along with the programs or other means through which they will
address these water quality issues. It prioritizes specific actions planned to improve water
quality and achieve water quality standards. It expands on the recommendations made in Part 1
of this report.

Typically, Ecology produces an implementation strategy, which is submitted with the technical
analysis to the U.S. Environmental Protection Agency (EPA) for TMDL approval as part of the
water quality improvement report (WQIR). Then, following EPA’s approval, Ecology and
interested and responsible parties develop a water quality implementation plan. However, this
section of this water quality improvement report will serve as both the implementation strategy
and the implementation plan.

This implementation plan describes how xx pollutant levels will be reduced to meet water quality
standards. xx TMDL reductions should be achieved by 20xx in the xx.

Who needs to participate in implementation?

{Provide local, tribe, state, and federal groups who will coordinate actions. Identify any
regulatory authorities.

Very briefly describe the role of each entity cited.}

XX

Pollution sources and organizational actions, goals,
and schedules

{Summarize needed implementation actions based on recommendations in the Study section.}

x
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IActivities to address pollution sources

{This list must show ALL implementation activities necessary to achieve compliance with
water quality standards, not just those that have a willing implementer and timeline. List
anticipated implementation activities, as well as specific and scheduled already on-going
activities. This is flexible— if the community is ready, proceed with details on activities planned.
Or, add more detail to this overview.

Provide a general idea of local, tribe, state, and federal groups who may coordinate actions.
Identify any regulatory authorities. Very briefly describe the role of each entity cited.

Define current and agreed-to future implementation activities, organizations involved, resources
needed, goals, schedule of actions.

Provide details of who will do what, where, and by when: Insert a chart of organizations
involved with implementation and their goals, tasks (performance measures) and timelines to
help reduce pollution.

Include a section in the table for needed implementation actions that are not yet assigned to, or
being done by a particular entity. }

XX
{If applicable, include the following Forest and Fish standard language:}

The state's forest practices regulations will be relied upon to bring waters into compliance with
the load allocations established in this TMDL project on private and state forest lands. This
strategy, referred to as the Clean Water Act Assurances, was established as a formal agreement
to the 1999 Forests and Fish Report (www.dnr.wa.gov/Publications/fp_rules forestsandfish.pdf).

The state’s forest practices rules were developed with the expectation that the stream buffers and
harvest management prescriptions were stringent enough to meet state water quality standards
for temperature and turbidity, and provide protection equal to what would be required under a
TMDL. As part of the 1999 agreement, new forest practices rules for roads were also
established. These new road construction and maintenance standards are intended to provide
better control of road-related sediments, provide better stream bank stability protection, and meet
current best management practices.

To ensure the rules are as effective as assumed, a formal adaptive management program was
established to assess and revise the forest practices rules, as needed. The agreement to rely on
the forest practices rules in lieu of developing separate TMDL load allocations or
implementation requirements for forestry is conditioned on maintaining an effective adaptive
management program.

Consistent with the directives of the 1999 Forests and Fish agreement, Ecology conducted a

formal 10-year review of the forest practices and adaptive management programs in 2009: Commented [nIm203]: These sections are part of the WQP
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fwww.ecy.wa.gov/programs/wq/nonpoint/ForestPractices/CWAassurances-
FinalRevPaper071509-W97.pdf

Ecology noted numerous areas where improvements were needed, but also recognized the state’s
forest practices program provides a substantial framework for bringing the forest practices rules
and activities into full compliance with the water quality standards. Therefore, Ecology decided
to conditionally extend the CWA assurances with the intent to stimulate the needed
improvements. Ecology, in consultation with key stakeholders, established specific milestones
for program accomplishment and improvement. These milestones were designed to provide
Ecology and the public with confidence that forest practices in the state will be conducted in a
manner that does not cause or contribute to a violation of the state water quality standards.

The success of this TMDL project will be assessed using monitoring data from streams in the
watershed.

{If applicable, include the following example planning language: Use <H3> stiyle for the title.

State Environmental Policy Act and Land Use Planning

Consider TMDLs during State Environmental Policy Act (SEPA) and other local land use
planning reviews. If the land use action under review is known to potentially impact temperature
and dissolved oxygen as addressed by this TMDL project, then the project may have a significant
adverse environmental impact. SEPA lead agencies and reviewers are required to look at
potentially significant environmental impacts and alternatives and to document that the necessary
environmental analyses have been made. Land-use planners and project managers should
consider findings and actions in this TMDL project to help prevent new land uses from violating
water quality standards. Ecology recently published a focus sheet on how TMDLs play a role in
SEPA impact analysis, threshold determinations, and mitigation
(https://fortress.wa.gov/ecy/publications/SummaryPages/0806008 html). Additionally, the
TMDL should be considered in the issuance of land use permits by local authorities. }
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|Measuring Progress toward Goals

{This section includes plans to measure whether implementation activities have been completed
and if interim targets and water quality standards are being met. The load/wasteload allocations
are stated as the goals/targets.

Include date that the water bodies are expected to meet standards. }

XX

Performance measures and targets

{This is how to track and evaluate the progress of proposed implementation activities (i.e.,
tracking whether or not a specified entity printed an education brochure they agreed to publish).
Reference Appendix. Appendix includes tables to track the progress of implementation activities
for each organization listed in the Pollution Sources and Organizational Actions, Goals, and
Schedules section of this report.

Describe how and when Ecology will review the implementation projects completed with the
advisory group or local interest groups.

Required by the MOA with EPA:

1. Timeframes for meeting interim targets and water quality standards.

)

A detailed plan to implement control actions to meet load allocations for nonpoint sources.

3. A detailed monitoring plan to measure implementation activities and achievement of interim
targets and water quality standards.

4. Additional implementation measures which Ecology intends to use should initial
implementation activities not be implemented or not be effective.}

Effectiveness monitoring plan

Effectiveness monitoring determines if the interim targets and water quality standards have been
met after the measures described in the water quality implementation plan are functioning (i.e,
the instream water quality monitoring). Effectiveness monitoring of TMDL projects is usually
conducted by the EA Program. This plan includes monitoring that will be done by other entities
if there is any planned.

{This i_s an element of adaptive management. It pr.ovides real-time feedback process to Commented [nlm205]: These sections are part of the WQP
determine cleanup effectiveness and support adaptive management| implﬂnglggmnglrfofﬁe g e

Pilchuck R. Temp & DO TMDL WQIR/IP
Page 118 - DRAFT



IEAP technical lead makes general recommendations, and negotiates and reviews content with
WQP lead for final draft. Set minimal monitoring to be done — targets to see if meeting goals.

XX

Define objectives of post-TMDL project monitoring (EAP and WQP). Post-TMDL project
monitoring design (may be conceptual at this point). Describe ongoing monitoring program to
evaluate success of cleanup actions.

WQP lead works with locals on plan. Describe monitoring programs by other partners.
Include the following text :}

Monitor the implementation actions and how they are maintained.

Monitoring to determine the quality of water after implementation has occurred will be needed
when water quality standards are believed to be achieved.

Entities with enforcement authority will be responsible for following up on any enforcement
actions. Stormwater permittees will be responsible for meeting the requirements of their permits.
Those conducting restoration projects or installing BMPs will be responsible for monitoring
plant survival rates and maintenance of improvements, structures, and fencing.

Adaptive management

{Discuss additional implementation measures which Ecology/ the advisory group intends to use
should initial implementation activities not be implemented or effective.

Include the statement that if water quality standards are achieved, but wasteload and load
allocations are not, the TMDL project will be considered satisfied.}

Natural systems are complex and dynamic. The way a system will respond to human
management activities is often unknown and can only be described as probabilities or
possibilities. Adaptive management involves testing, monitoring, evaluating applied strategies,
and incorporating new knowledge into management approaches that are based on scientific
findings. In the case of TMDL projects, Ecology uses adaptive management to assess whether
the actions identified as necessary to solve the identified pollution problems are the correct ones
and whether they are working. As we implement these actions, the system will respond, and it
will also change. Adaptive management allows us to fine-tune our actions to make them more
effective, and to try new strategies if we have evidence that a new approach could help us to
achieve compliance.

TMDL reductions should be achieved by 20xx. {Describe interim targets in terms of
concentrations and/or loads, as well as in terms of implemented cleanup actions.} These targets

will be described in terms of percent reductions, concentrations, and implementation activities. Commented [nIm206]: These sections are part of the WQP
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Partners will work together to monitor progress towards these goals, evaluate successes,
obstacles, and changing needs, and make adjustments to the implementation strategy as needed.

Ecology will use adaptive management when water monitoring data show that the TMDL project
targets are not being met or implementation activities are not producing the desired result. A
feedback loop (Figure xx) consisting of the following steps will be implemented:

Step 1.  The activities in the water quality implementation plan are put into practice.

Step 2.  Programs and best management practices (BMPs) are evaluated for technical
adequacy of design and installation.

Step 3.  The effectiveness of the activities is evaluated by assessing new monitoring data and
comparing it to the data used to set the TMDL project targets.

Step 3a.  If the goals and objectives are achieved, the implementation efforts are
adequate as designed, installed, and maintained. Project success and
accomplishments should be publicized and reported to continue project
implementation and increase public support.

Step 3b.  If not, then BMPs and the implementation plan will be modified or new
actions identified. The new or modified activities are then applied as in
Step 1.

Additional monitoring may be necessary to better isolate the bacteria sources so that new BMPs
can be designed and implemented to address all sources of bacteria to the streams.

It is ultimately Ecology’s responsibility to assure that implementation is being actively pursued

and water standards are achieved. Commented [nIm207]: These sections are part of the WQP
implementation half of the report and have not yet been developed
PLEASE DO NOT REVIEW!

Pilchuck R. Temp & DO TMDL WQIR/IP
Page 120 - DRAFT



2013+

Step 3b. Modify
implementation or
identify new
activities.

Step 1. Implement Activities.

20092013

N
Step 3a. 013+

Step 2. Evaluate

Publicize success adequacy of
and continue design and
imolementation installation.
On
far 20002013

Step 3. Compare water quality data
with TMDL data and targets.

2013

Figure 46. Feedback loop for determining need for adaptive management.

Dates are estimates and may change depending on resources and implementation status.

See the Effectiveness Monitoring section in this report.

XX
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Funding Opportunities

{Identify potential funding sources — national, state, and local.

Multiple sources of financial assistance for water cleanup activities are available through
Ecology’s grant and loan programs, local conservation districts, and other sources.

Refer to www.ecy.wa.gov/programs/wq/tmdl/TMDLFunding.html for a list and descriptions
of funding sources. Choose ones appropriate to your project and include them here.}

XX

Summary of Public Involvement Methods

{Identify what you did to get the public involved in the TMDL project process, including
outreach and education activities.}

XX
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Appendix A. Glossary, Acronyms, and Abbreviations
{Author, delete all terms that do not apply to this report.}

Glossary

303(d) List: Section 303(d) of the federal Clean Water Act requires Washington State
periodically to prepare a list of all surface waters in the state for which beneficial uses of the
water — such as for drinking, recreation, aquatic habitat, and industrial use — are impaired by
pollutants. These are water quality-limited water bodies (ocean waters, estuaries, lakes, and
streams) that fall short of state surface water quality standards and are not expected to improve
within the next two years.

Best management practices (BMPs): Physical, structural, or operational practices that, when
used singularly or in combination, prevent or reduce pollutant discharges.

Char: Char (genus Salvelinus) are distinguished from trout and salmon by the absence of teeth
in the roof of the mouth, presence of light colored spots on a dark background, absence of spots
on the dorsal fin, small scales, and differences in the structure of their skeleton. (Trout and
salmon have dark spots on a lighter background.)

Clean Water Act: A federal act passed in 1972 that contains provisions to restore and maintain
the quality of the nation’s waters. Section 303(d) of the Clean Water Act establishes the TMDL
program.

Conductivity: A measure of water’s ability to conduct an electrical current. Conductivity is
related to the concentration and charge of dissolved ions in water.

Designated uses: Those uses specified in Chapter 173-201A WAC (Water Quality Standards
for Surface Waters of the State of Washington) for each water body or segment, regardless of
whether or not the uses are currently attained.

Extraordinary primary contact: Waters providing extraordinary protection against waterborne
disease or that serve as tributaries to extraordinary quality shellfish harvesting areas.

Fecal coliform (FC): That portion of the coliform group of bacteria which is present in
intestinal tracts and feces of warm-blooded animals as detected by the product of acid or gas
from lactose in a suitable culture medium within 24 hours at 44.5 plus or minus 0.2 degrees
Celsius. Fecal coliform bacteria are “indicator” organisms that suggest the possible presence of
disease-causing organisms. Concentrations are measured in colony forming units per 100
milliliters of water (cfu/100mL).

Load allocation: The portion of a receiving water’s loading capacity attributed to one or more
of its existing or future sources of honpoint pollution or to natural background sources.
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Loading capacity: The greatest amount of a substance that a water body can receive and still
meet water quality standards.

Margin of safety: Required component of TMDLs that accounts for uncertainty about the
relationship between pollutant loads and quality of the receiving water body.

Municipal separate storm sewer systems (MS4): A conveyance or system of conveyances
(including roads with drainage systems, municipal streets, catch basins, curbs, gutters, ditches,
manmade channels, or storm drains): (1) owned or operated by a state, city, town, borough,
county, parish, district, association, or other public body having jurisdiction over disposal of
wastes, stormwater, or other wastes and (2) designed or used for collecting or conveying
stormwater; (3) which is not a combined sewer; and (4) which is not part of a Publicly Owned
Treatment Works (POTW) as defined in the Code of Federal Regulations at 40 CFR 122.2.

National Pollutant Discharge Elimination System (NPDES): National program for issuing
and revising permits, as well as imposing and enforcing pretreatment requirements, under the
Clean Water Act. The NPDES permit program regulates discharges from wastewater treatment
plants, large factories, and other facilities that use, process, and discharge water back into lakes,
streams, rivers, bays, and oceans.

Nonpoint source: Pollution that enters any waters of the state from any dispersed land-based or
water-based activities, including but not limited to, atmospheric deposition; surface water runoff
from agricultural lands; urban areas; or forest lands; subsurface or underground sources; or
discharges from boats or marine vessels not otherwise regulated under the National Pollutant
Discharge Elimination System Program. Generally, any unconfined and diffuse source of
contamination. Legally, any source of water pollution that does not meet the legal definition of
“point source” in section 502(14) of the Clean Water Act.

Parameter: Water quality constituent being measured (analyte). A physical, chemical, or
biological property whose values determine environmental characteristics or behavior.

pH: A measure of the acidity or alkalinity of water. A low pH value (0 to 7) indicates that an
acidic condition is present, while a high pH (7 to 14) indicates a basic or alkaline condition. A
pH of 7 is considered to be neutral. Since the pH scale is logarithmic, a water sample with a pH
of 8 is ten times more basic than one with a pH of 7.

Phase | stormwater permit: The first phase of stormwater regulation required under the federal
Clean Water Act. The permit is issued to medium and large municipal separate storm sewer
systems (MS4s) and construction sites of five or more acres.

Phase Il stormwater permit: The second phase of stormwater regulation required under the
federal Clean Water Act. The permit is issued to smaller municipal separate storm sewer
systems (MS4s) and construction sites over one acre.

Point source: Sources of pollution that discharge at a specific location from pipes, outfalls, and
conveyance channels to a surface water. Examples of point source discharges include municipal
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wastewater treatment plants, municipal stormwater systems, industrial waste treatment facilities,
and construction sites that clear more than five acres of land.

Pollution: Such contamination, or other alteration of the physical, chemical, or biological
properties, of any waters of the state. This includes change in temperature, taste, color, turbidity,
or odor of the waters. It also includes discharge of any liquid, gaseous, solid, radioactive, or
other substance into any waters of the state. This definition assumes that these changes will, or
are likely to, create a nuisance or render such waters harmful, detrimental, or injurious to (1)
public health, safety, or welfare, or (2) domestic, commercial, industrial, agricultural,
recreational, or other legitimate beneficial uses, or (3) livestock, wild animals, birds, fish, or
other aquatic life.

Reach: A specific portion or segment of a stream.

Salmonid: Any fish that belong to the family Salmonidae. Basically, any species of salmon,
trout, or char. www.fws.gov/le/ImpExp/FactSheetSalmonids htm

Stormwater: The portion of precipitation that does not naturally percolate into the ground or
evaporate but instead runs off roads, pavement, and roofs during rainfall or snow melt.
Stormwater can also come from hard or saturated grass surfaces such as lawns, pastures,
playfields, and from gravel roads and parking lots.

Surface waters of the state: Lakes, rivers, ponds, streams, inland waters, salt waters, wetlands
and all other surface waters and water courses within the jurisdiction of Washington State.

Total maximum daily load (TMDL): A distribution of a substance in a water body designed to
protect it from exceeding water quality standards. A TMDL is equal to the sum of all of the
following: (1) individual wasteload allocations for point sources, (2) the load allocations for
nonpoint sources, (3) the contribution of natural sources, and (4) a Margin of Safety to allow for
uncertainty in the wasteload determination. A reserve for future growth is also generally
provided.

Total suspended solids (TSS): The suspended particulate matter in a water sample as retained
by a filter.

Turbidity: A measure of water clarity. High levels of turbidity can have a negative impact on
aquatic life.

Wasteload allocation: The portion of a receiving water’s loading capacity allocated to existing
or future point sources of pollution. Wasteload allocations constitute one type of water quality-
based effluent limitation.

Watershed: A drainage area or basin in which all land and water areas drain or flow toward a
central collector such as a stream, river, or lake at a lower elevation.
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Bankfull stage: Formally defined as the stream level that “corresponds to the discharge at
which channel maintenance is most effective, that is, the discharge at which moving sediment,
forming or removing bars, forming or changing bends and meanders, and generally doing work
that results in the average morphologic characteristics of channels” (Dunne and Leopold, 1978).

Chronic critical effluent concentration: The maximum concentration of effluent during
critical conditions at the boundary of the mixing zone assigned in accordance with WAC
173-201A-100. The boundary may be based on distance or a percentage of flow. Where no
mixing zone is allowed, the chronic critical effluent concentration shall be 100 percent effluent.

Critical condition: When the physical, chemical, and biological characteristics of the receiving
water environment interact with the effluent to produce the greatest potential adverse impact on
aquatic biota and existing or designated water uses. For steady-state discharges to riverine
systems, the critical condition may be assumed to be equal to the 7Q10 (see definition) flow
event unless determined otherwise by the department.

Diel: Of, or pertaining to, a 24-hour period.

Dilution factor: The relative proportion of effluent to stream (receiving water) flows occurring
at the edge of a mixing zone during critical discharge conditions as authorized in accordance
with the state’s mixing zone regulations at WAC 173-201A-100.
http://apps.leg.wa.gov/WAC/default.aspx?cite=173-201A-020

Diurnal: Of, or pertaining to, a day or each day; daily. (1) Occurring during the daytime only,
as different from nocturnal or crepuscular, or (2) Daily; related to actions which are completed in
the course of a calendar day, and which typically recur every calendar day (for example, diurnal
temperature rises during the day and falls during the night.)

Effective shade: The fraction of incoming solar shortwave radiation that is blocked from
reaching the surface of a stream or other defined area.

Hyporheic: The area beneath and adjacent to a stream where surface water and groundwater
intermix.

Near-stream disturbance zone (NSDZ): The active channel area without riparian vegetation
that includes features such as gravel bars.

Riparian: Relating to the banks along a natural course of water.
System potential: The design condition used for TMDL analysis.

System-potential mature riparian vegetation: Vegetation which can grow and reproduce on a
site, given climate, elevation, soil properties, plant biology, and hydrologic processes.
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System-potential riparian microclimate: The best estimate of air temperature reductions that
are expected under mature riparian vegetation. System potential riparian microclimate can also
include expected changes to wind speed and relative humidity.

System-potential temperature: An approximation of the temperatures that would occur under
natural conditions. System potential is our best understanding of natural conditions that can be
supported by available analytical methods. The simulation of the system-potential condition
uses best estimates of mature riparian vegetation, system potential channel morphology, and
system-potential riparian microclimate that would occur absent any human alteration.

1-DMax or 1-day maximum temperature: The highest water temperature reached on any
given day. This measure can be obtained using calibrated maximum and minimum
thermometers or continuous monitoring probes having sampling intervals of 30 minutes or less.

7-DADMax or 7-day average of the daily maximum temperatures: The arithmetic average
of seven consecutive measures of daily maximum temperatures. The 7-DADMax for any
individual day is calculated by averaging that day's daily maximum temperature with the daily
maximum temperatures of the three days prior and the three days after that date.

7Q2 flow: A typical low-flow condition. The 7Q2 is a statistical estimate of the lowest 7-day
average flow that can be expected to occur once every other year on average. The 7Q2 flow is
commonly used to represent the average low-flow condition in a water body and is typically
calculated from long-term flow data collected in each basin. For temperature TMDL work, the
7Q2 is usually calculated for the months of July and August as these typically represent the
critical months for temperature in our state.

7Q10 flow: A critical low-flow condition. The 7Q10 is a statistical estimate of the lowest 7-day
average flow that can be expected to occur once every 10 years on average. The 7Q10 flow is
commonly used to represent the critical flow condition in a water body and is typically
calculated from long-term flow data collected in each basin. For temperature TMDL work, the
7Q10 is usually calculated for the months of July and August as these typically represent the
critical months for temperature in our state.

90th percentile: A statistical number obtained from a distribution of a data set, above which 10
percent of the data exists and below which 90 percent of the data exists.
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Acronyms and abbreviations|

AFDW
BMP
Ecology
EPA
GIS
NPDES
NSDZ
RM
SOD
TMDL
USGS
WAC
WDFW
WRIA
WWTP

ash-free dry weight

best management practice

Washington State Department of Ecology
U.S. Environmental Protection Agency
Geographic Information System software
National Pollutant Discharge Elimination System
near-stream disturbance zone

river mile

sediment oxygen demand

total maximum daily load (water cleanup plan)
United States Geological Survey

Washington Administrative Code

Washington Department of Fish and Wildlife
Water Resources Inventory Area

wastewater treatment plant

Units of Measurement

°C

cfs
cms
dw

ft

g

kg

km

m
mgd
mg/Kg
mg/L
mL
s.u.
ug/L
umhos/cm

uS/cm

degrees centigrade

cubic feet per second

cubic meters per second, a unit of flow.

dry weight

feet

gram, a unit of mass

kilograms, a unit of mass equal to 1,000 grams.
kilometer, a unit of length equal to 1,000 meters.
meter

million gallons per day

milligrams per kilogram (parts per million)
milligrams per liter (parts per million)

milliliters

standard units

micrograms per liter (parts per billion)
micromhos per centimeter

microsiemens per centimeter, a unit of conductivity
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Appendix B. Record of Public Participation
{This is required by EPA. WQP staff writes this section.}

Introduction

XX

Summary of comments and responses

XX

List of public meetings

XX

Outreach and announcements

{Include the following, if applicable:}
A 30-day public comment period for this report will be held from xx through xx, (year).
A news release was sent to all local media in the xx watershed area.

Advertisements were placed in the following publications:

e XX
XX
XX
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Appendix C. Data Summary

XX

Appendix D. Data Quality Results

XX

Appendix E. Model Documentation

XX

Appendix F. Wasteload Allocation Details

XX

Appendix G. Detailed Water Quality Standards
Information

XX

Appendix H. Detailed NPDES Facility Analysis

XX
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Appendix |. Response to Public Comments
{Keep this appendix as the last appendix. Replace the “X” in the title with the appropriate letter.
Keep the following sentence in the draft report on the web site:}

This appendix will be completed after the Public Comment period.
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